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INTRODUCTION
Of all injuries of the musculoskeletal system, 25% are acute lateral ankle sprains.1 In the 
USA and the UK there are about 23,000 and 5000 ankle sprains, respectively, each day.1, 2 
In the Netherlands approximately 600,000 people sustain an ankle injury each year, of 
those 120,000 occur during sport, of which 43,000 seek for medical care.3, 4 The latest 
statistics in the Netherlands show that general practitioners (GPs) see around 125,000 
patients with an ankle sprain each year, with an incidence of eight per thousand patients 
per year.5
In the Netherlands, currently there are three clinical guidelines which deal with the 
diagnosis and treatment of acute lateral ankle injuries.3, 6, 7 These guidelines roughly 
correspond with each other and recommend conventional treatment as the primary 
treatment modality of choice. Conventional treatment consists of early mobilizing, early 
weight bearing (as much as the pain will allow) combined with (or without) the use of an 
external support, e.g. tape, brace or bandage.
Acute lateral ankle ligaments injuries are treated in various ways. However, before 
being able to evaluate the eff ectiveness of therapeutic interventions, we need insight 
into the course of recovery after an acute lateral ankle injury. Benefi cial eff ects or 
complications of diff erent treatments may be considered against the background of 
this clinical course. In addition, the identifi cation of relevant subgroups of patients with 
better or worse prognosis is also important. This may guide management decisions, give 
directions for future research, and is helpful when informing patients about the clinical 
course of their injury.
Therefore, we performed a systematic review to provide an overview of the literature 
evaluating the clinical course of conventionally treated acute lateral ankle sprains in 
adults, and possible prognostic factors for incomplete recovery of this injury.
Despite the large variety of treatments, several reviews and clinical guidelines indicate 
that conventional treatment (i.e. early mobilisation, including mobilisation instructions 
and early weight bearing combined with or without the use of external support) is the 
preferred treatment strategy and known as ‘usual care’.1-3, 6, 8-11 However, experimental 
studies examining ligamentous healing indicate that gradually increasing and functional 
load exercises, stimulate healing and increase the strength of ligaments after injury.12-14 
Therefore, a structured and supervised rehabilitation program after an ankle sprain 
might lead to better results concerning recovery or re-injuries. Nevertheless, diff erent 
reviews report that there is no or only limited evidence for the eff ectiveness of super-
vised rehabilitation training or physiotherapy as a treatment strategy, and advise to 
conduct randomised controlled trials on this topic.9, 15, 16 For that reason, we conducted a 
trial on the eff ectiveness of conventional treatment combined with supervised exercises 
in primary care patients with an acute lateral ankle sprain.
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In clinical practice, ankle sprains are categorised according to the severity of the 
injury, and graded according to three levels: grade I (mild), grade II (moderate), and 
grade III (severe).2, 17 Despite this classifi cation into grades, there is still some variation 
in the treatment applied within each severity group. Therefore, De Bie and colleagues 
introduced the ‘Ankle Function Score’ which allows to make a distinction between mild 
and severe ankle sprains at admission, and thereby for a distinction between patients 
who need specifi c physiotherapy treatment, or not.18 Despite the fact that there are only 
indications that the function score can be used to make a distinction between mild and 
severe injuries, the ‘Acute ankle injury’ clinical guideline of the Royal Dutch Society of 
Physiotherapists proposes the use of that function score.6 However, it remains unclear 
whether the Ankle Function Score can be used to evaluate recovery over time, and/
or can be used to divide patients with ankle sprain injuries into those which need no 
treatment (mild) or need specifi c treatment (severe).
Whereas the Ankle Function Score is a specifi c tool to measure progress in recovery 
after an ankle sprain, in longitudinal research in musculoskeletal disorders we often 
make use of a single question to measure recovery.19-21 As a consequence, an increased 
emphasis is placed on self-reported perceived recovery as an outcome measure. For the 
practicing clinician this question is a fundamental one, because it gives patient-relevant 
information on the eff ect of treatment and guides decision-making regarding the next 
step.22 However a large variation in reported recovery exist. For example, patients with 
an acute ankle sprain experience no pain or functional disability, whereas they still re-
port not to be recovered, or vice versa. More knowledge about what recovery means to 
patients who have suff ered from a lateral ankle sprain will lead to better understanding 
of the patient in the aim to promote their recovery.
In addition, when patients do not recover it is important to explore the factors predict-
ing persistent complaints after their initial ankle sprain. In 1965 Freeman et al.23 inves-
tigated the eff ectiveness of coordination exercises on the occurrence of proprioceptive 
defi cits and symptoms of ‘giving way’ in patients with a rupture of the lateral ligament of 
the ankle. Parallel to the positive results in their study, residual symptoms were reported 
after six to fourteen months follow-up. To our knowledge, since that time prognostic fac-
tors for residual symptoms have been evaluated in only one other study and, therefore, 
remain largely unknown.24 This information would be helpful to inform patients about 
their expected clinical course, and to identify relevant subgroups of patients with a bet-
ter or worse prognosis.
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OUTLINE OF THIS THESIS
Chapter 2 presents a systematic review of the literature about the clinical course of 
conventionally-treated acute lateral ankle sprains in adults and its prognostic factors for 
incomplete recovery. Chapter 3 describes the results of a randomised clinical trial evalu-
ating the eff ectiveness of conventional treatment combined with supervised exercises 
compared with conventional treatment alone in primary care patients with acute ankle 
sprain. In Chapter 4 a subgroup analysis is performed with the data of the trial in which 
patients are classifi ed (based on the Ankle Function Score) according to the severity of 
the ankle sprain. The aim of Chapter 5 is to fi nd explanatory variables for recovery in 
adult patients with acute lateral ankle sprain. Chapter 6 evaluates prognostic factors 
for incomplete recovery, and residual complaints during one-year follow-up, in patients 
who consulted primary care for acute ankle sprains. Chapter 7 evaluates the evidence 
for conventional treatment combined with supervised exercises in patients with an 
acute ankle sprain, by reviewing the current literature. Chapter 8 discusses the main 
results of the studies, the study limitations, and implications for future research and 
clinical practice.
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ABSTRACT
Ankle sprains are one of the most common musculoskeletal injuries. In order to evaluate 
the eff ectiveness of therapeutic interventions and to guide management decisions it 
is important to have clear insight of the course of recovery after an acute lateral ankle 
injury and to evaluate potential factors for non recovery and re-sprains. The purpose 
of this study was to perform a systematic review of the literature regarding the clinical 
course of conventionally treated acute lateral ankle sprains in adults and its prognostic 
factors.
A database search was conducted in Medline, Cinahl, Pedro, Embase, and the Cochrane 
Controlled trial register. Included were observational studies and controlled trials with 
adult subjects who suff er from an acute lateral ankle sprain which was conventionally 
treated. One of the following outcomes had to be described: pain, re-sprains, instability 
or recovery. Two reviewers independently assessed the methodological quality of each 
included study. One reviewer extracted relevant data.
In total, 31 studies were included from which 24 studies were of high quality. Within 
the fi rst two weeks there is a rapid decrease in pain reporting. 5% to 33% of the patients 
still experience pain after one year, while 36% to 85% reported full recovery within a pe-
riod of three years. The risk of re-sprains ranged from 3% to 34% of the patients and re-
sprain was registered in periods ranging from two weeks to 96 months post injury. There 
is a wide variation in subjective instability, ranging from 0% to 33% in the high quality 
studies and from 7% to 53% in the low quality studies. One study described prognostic 
factors and indicated that training more than three times a week is a prognostic factor 
for residual symptoms.
In conclusion, after one year of follow-up a high percentage of patients still experi-
ence pain and subjective instability, while within a period of three years as much as 
34% of the patients reported at least one re-sprain. From 36% up to 85% of the patients 
reported full recovery within a period of three years.
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INTRODUCTION
Ankle sprains are one of the most common musculoskeletal injuries. In the Netherlands 
an estimated 600,000 people sustain ankle injuries each year, with an incidence of 12.8 
per 1,000 patients per year. Roughly half of these people visit a general practitioner or, 
on their own initiative, an emergency department.1 In the USA and the UK there are 
23,000 and 5,000 injuries of the ankle, respectively, each day.2
Recent reviews indicate that conventional treatment is the preferable initial treatment 
strategy2-7. Conventional treatment consists of early mobilisation with mobilisation 
instructions and early weight bearing, combined with or without the use of an external 
support (tape, bandage or brace). In order to evaluate the eff ectiveness of therapeutic 
interventions and to guide management decisions it is important to have clear insight of 
the course of recovery after an acute lateral ankle injury. Benefi cial eff ects or complica-
tions of diff erent treatments may be considered against the background of this clinical 
course. Besides, identifi cation of relevant subgroups of patients with better or worse 
prognosis is also important. This may guide management decisions, give directions for 
future research and is helpful for informing patients about the clinical course of their 
injury. At present there is, however, no clear overview regarding the clinical course 
of acute lateral ankle sprains, and an evaluation of prognostic factors for incomplete 
recovery and re-sprains is missing.
Therefore, the purpose of this study was to perform a systematic review of the litera-
ture regarding the clinical course of conventionally treated acute lateral ankle sprains in 
adults and its prognostic factors.
METHODS
Literature search
One author (RvR) conducted a database search using MEDLINE (from 1966 to August 
2006), CINAHL, PEDro, EMBASE (from 1984 to August 2006) and the Cochrane Controlled 
Trial Register (CCTR). The terms disorder, location and design were linked by the Boolean 
operator AND. For each of the terms, one or more synonyms were used (Table 1).
The selected studies had to fulfi l the following criteria for inclusion in the review; (1) 
the adult subjects had to suff er from an acute lateral ankle sprain, (2) the study design 
had to be longitudinal i.e. observational (prospective as well as retrospective) or a con-
trolled trial, (3) at least one of the following outcomes at follow-up had to be described: 
pain, re-sprains, subjective instability (feeling of insecurity, tendency for the foot to 
‘give way’ ) or subjective recovery, (4) the treatment (or one of the arms in a trial) was 
conventional treatment. Conventional treatment involves early mobilisation, including 
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mobilisation instructions and early weight bearing combined with or without the use of 
an external support (tape, bandage or brace).
From title and abstracts, two reviewers (SB-Z and RvR) independently reviewed the 
literature searches to identify potentially relevant studies for full review. Abstracts for 
which full reports were not available and unpublished studies were not included. Based 
on the full text, two reviewers (SB-Z and RvR) independently selected studies for inclu-
sion in this review. Relevant articles in the bibliographies of selected articles were also 
reviewed. The help of a native speaker was obtained for studies published in languages 
other than English, German or Dutch. Disagreements were resolved by consensus.
Methodological quality assessment
Methodological quality of the selected studies was assessed by two reviewers (PL and 
RvR) independently using a set of seven criteria (Table 2). In case of prognostic factors 
Table 1 Terms used for the database search
Term Synonym
Disorder inversion OR sprain OR strain OR rupture OR injur* OR distortion
Location [ankle OR talocrural OR talofi bular OR calcaneofi bular] AND ligament
Design prognos* OR predict* OR “disease course” OR case-control OR longitudinal OR cohort 
OR prospective OR retrospective OR follow-up OR randomized controlled trial OR 
controlled clinical trial OR randomized controlled trials OR random allocation OR 
double-blind method OR single-blind method
Table 2 Criteria used for the quality assessment
Criterion
1 Sample defi nition given (at least 3: age, gender, injury grade, and setting)
2 Baseline characteristics assembled within 2 weeks after injury
3 Participants selected by random selection or as consecutive cases
4 A prospective design used
5 Follow-up available from at least 80% of study population
6 Information on completers versus withdrawals available
7 The study provide raw data, percentages, survival rates, RRs, ORs or ES
8 3 or more of the following prognostic determinants were measured (severity or injury grade, weight, BMI, 
activity level)
9 Independent assessment of outcome measurement (blinded for prognostic factors)
10 Crude estimates are given or can be calculated
11 Adjusted estimates are given or can be calculated
RR = relative risk; OR = odds ratio; ES = estimate; BMI = body mass index. Items 8, 9, 10 and 11 are 
supplementary and are used for the quality assessment of prognostic studies.
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the methodological quality assessment was expanded with four criteria. Each criterion 
was rated positive, negative or inconclusive (insuffi  cient information presented). Dis-
agreements were resolved by consensus. A total score for the methodological quality 
of each study was calculated by summing the number of positive criteria (range 0-7 
or range 0-11). Studies with fi ve (eight in case of prognostic factors) or more positive 
criteria were considered to be of ‘high quality’.
Data extraction
One reviewer (RvR) extracted relevant data from the publications. Study characteristics 
extracted were target population (setting, gender, and age), sample size, duration of 
follow-up, prognostic factors (severity, weight, length, BMI, activity level), and outcome 
measures. Outcome data extracted were pain, subjective instability (feeling of giving 
way), re-sprain, subjective recovery (restored to pre-injury state, free from residual 
symptoms, cured), swelling (ankle girth) and range of motion (ROM).
For the association between prognostic factors and the outcome measures we ex-
tracted odd ratios (OR) or relative risks (RR). When not given, and suffi  cient data were 
available, for each study the association (OR) with 95% confi dence intervals was calcu-
lated.
Data synthesis
The inter-observer reliability of the overall quality assessment was derived by Kappa 
statistics. Following the suggestions of Fleiss8, kappa coeffi  cients greater than 0.75 are 
considered to represent excellent agreement, values between 0.75 and 0.4 fair agree-
ment, and values lower than 0.4 represent poor agreement.
The study outcomes are statistically pooled if the studies are considered to be ho-
mogeneous. However, if the studies are considered to be heterogeneous we refrain 
from pooling and only describe the outcomes. When studies do not contain enough 
information about the association between prognostic factors and outcome we graphi-
cally present the obtained data of the course subdivided by the pre-assumed prognostic 
factors.
RESULTS
Characteristics of identifi ed studies
Our search strategy resulted in 1652 potentially relevant articles. From title and abstract 
we identifi ed 120 relevant articles. Reviewing the full text 29 publications met our se-
lection criteria. After screening the reference lists, another two studies were included, 
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resulting in 31 relevant articles (Figure 1). Information regarding these 31 studies is 
presented in Table 3.
Four studies were retrospective and 27 were prospective. In these studies the follow-
up period ranged from one day to eleven years. Patients were recruited in various 
settings including hospital emergency departments9-33, primary care29, 34, 35 and military 
health care centres36, 37.
Five studies evaluated the eff ect of early mobilisation instructions only9, 13, 14, 34, 36, while 
in 26 studies early immobilisation instructions were combined with partial immobilisa-
tion 9, 10, 12, 15-33, 35, 37, 38. In our analysis we do not diff erentiate between these diff erences in 
conventional treatment.
Two of the included publications did not evaluate pain, subjective instability, re-
sprains, or subjective recovery13, 19 but only reported the ROM. Only one study reported 
on prognostic factors.39
Potentially relevant studies identified 
and screened for retrieval (n=1652 ) 
Studies included in the systematic 
review (n=31) 
Studies excluded 
   Not relevant (n=1532)
Studies retrieved by other sources: 
    Screening of references (n=2) 
Studies excluded 
  Do not meet inclusion criteria (n=91) 
MEDLINE CINAHL PEDro EMBASE CCTR
Trials retrieved for more detailed 
evaluation (n= 120) 
SEARCH 
Studies included in the systematic 
review (n= 29) 
Figure 1 Flow chart of the selected studies
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Quality assessment
Table 4 presents the results of the methodological quality assessment of the included 
studies. Of the 31 studies, 24 are deemed to be of high quality (i.e. having a score of at 
least fi ve or eight). The following concerns, however, are noteworthy:
- In 23% (7 out of 31) of the studies there was a loss to follow-up of 20% or more of the 
initial study population.
- In 68% (21 out of 31) of the studies a comparison of completers versus non-com-
pleters at follow-up was missing.
The initial agreement of the two reviewers on the total quality assessment of the included 
trials was 87% (189 of 217 items) and the Kappa value was 0.65, which is considered as a 
fair agreement. All initial disagreements were solved in a consensus meeting.
Pain
Eighteen studies measured pain. Fourteen studies9, 11, 15, 16, 22-25, 27-29, 32, 35, 39 presented pain as 
the percentage of patients who still experience pain, and four studies30, 31, 33, 34 presented 
pain by means of the VAS score. Thirteen studies are of high quality and four of low 
quality. Figure 2 shows data on eight high quality studies9, 11, 15, 22, 23, 25, 27, 35 with a follow-up 
period of three years or less. Five high quality studies11, 22, 25, 31, 34 and two low quality stud-
ies28, 33 had more than one follow-up moment. In these studies the number of patients 
who still experience pain decreased rapidly within the fi rst two weeks after injury. This 
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Figure 2 Percentage of patients in high quality studies who still experienced pain at follow-up. Eight 
studies (fi fteen treatment groups) with a follow-up ≤ 3 years are presented. Severity of sprains in studies 
with one follow-up moment: □ rupture, ○ no rupture, △ mixed or unknown. Severity of sprains in studies 
with more than one follow-up moment: ■ rupture, ● no rupture, ▲ mixed or unknown
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decrease continued after this fi rst phase, although more slowly. Corresponding to this 
course are the results of the studies with one follow-up moment. Conversely, in six 
studies15, 16, 22, 23, 32, 39 the proportion of patients who reported to experience pain after a 
follow-up period of one year or longer still ranged from 5% to 33%. Even after three 
years follow-up 5% to 25% of patients still experienced pain.16, 22, 32
Table 4 Quality scores of the included studies
Authors 1 2 3 4 5 6 7 score quality
Allen, et al.9 − + + + + + + 6 High
Anandacoomarasamy, et al.29 + − + − + − + 4 Low
De Bie, et al.11 + + + + + + + 7 High
Boyce, et al.30 + + + + − + + 6 High
Cetti, et al.10 + + + + + − + 6 High
Chaiwanichsiri, et al.36 + − + + + − + 5 High
Els, Niggli, et al..12 + − − + − − + 3 Low
Green, et al.13 + + + + + + + 7 High
Grønmark, et al.38 − − + + + − + 4 Low
Holme, et al.14 + + + + + + + 7 High
Kerkhoff s, et al.31 − + + + + − + 5 High
Klein, et al.15 − + + + + − + 5 High
Konradsen, et al.16 + + + − + − + 5 High
Korkala, et al.17 − − + + − − + 3 Low
Leanderson, et al.19 + + + + − − + 5 High
Leanderson, et al.18 + + + + − − + 5 High
Linde, et al.39 − + − + + − + 4* Low*
Mazières, et al.34 + + + + + + + 7 High
Moller-Larsen, et al.20 + + + + + − + 6 High
Munk, et al.21 + + + + − − + 5 High
Nilsson22 + + + + + + + 7 High
O’Hara, et al.35 + + + + + − + 6 High
Pijnenburg, et al.32 + + + + + + + 6 High
Povacz, et al.23 + + + + + + + 6 High
Pugia, et al.37 + + − + + − + 5 High
Schaap, et al.24 − − − − + + + 3 Low
Sommer, et al.26 + + + + − − + 5 High
Sommer, et al.25 + + + + + − + 6 High
Sommer, et al.27 + − − + + + + 5 High
Wester, et al.28 − + + + − − + 4 Low
Zammit, et al.33 + + + + − − + 5 High
+ indicates the criterion was clearly satisfi ed; - indicates that the criterion was not satisfi ed or it was not 
clear if it was satisfi ed. * adding the criteria for prognostic factors, the quality score was six (low).
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Re-sprains
Re-sprain was measured in fi fteen studies.10-12, 14-17, 22, 23, 27-29, 32, 36, 39 Of these, ten are of high 
quality and fi ve of low quality. Figure 3 shows eight high quality studies10, 11, 14, 15, 22, 23, 27, 36 
with a follow-up period of three years or less. Re-sprains were registered within periods 
ranging from two weeks to 96 months after the injury. The occurrence of a re-sprain 
ranges from 3% to 34% of the patients. Only Wester et al.28 and Anandacoomarasamy et 
al.29 (both low quality studies) reported in, respectively, 54% and 42% of the patients a 
re-sprain, after 230 and 882 days follow-up.
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Figure 3 Percentage of patients in high quality studies who reported at least one re-sprain at follow-up.
Eight studies (twelve treatment groups) with a follow-up ≤ 3 years are presented. Severity of sprains in 
studies with one follow-up moment: □ rupture, ○ no rupture, △ mixed or unknown. Severity of sprains in 
studies with more than one follow-up moment: ■ rupture, ● no rupture, ▲ mixed or unknown
Subjective instability
Fourteen studies assessed the occurrence of subjective instability10, 15, 17, 20-24, 26-29, 32, 39. Of 
these, nine are of high quality and fi ve of low quality. Figure 4 shows data on seven 
high quality studies10, 15, 20, 22, 23, 26, 27 with a follow-up period of three years or less. There 
is a large variation in the reported occurrence of subjective instability ranging from 
0% to 33% in the high quality studies, and from 7% to 53% in the low quality studies. 
Nilsson22 reported a decrease in subjective instability at 36.2 months compared to 4.3 
months after injury in patients with arthrographically verifi ed ruptures as well as in 
patients without a rupture. In contrast, Cetti et al.10 reported an increase, from 6% to 9%, 
in subjective instability after 24 weeks compared to eight weeks after spraining an ankle. 
In general, the occurrence of subjective instability in patients seems higher in studies of 
low methodological quality17, 24, 28, 29, 39 (Table 3).
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Subjective recovery
Three high quality studies presented the patients’ judgement of full recovery as being 
restored to pre-injury state20, completely free from symptoms22, and cured on a six-point 
scale of improvement35. Besides, one low quality study38 reported full recovery as being 
free from symptoms. One study22 had more than one follow-up moment; in three out of 
four groups that were examined, the percentage of patients who reported full recovery 
was increased after 36 months compared to four months. Ranging from two weeks to 
36.2 months follow-up, 36% to 85% of all patients reported full recovery (Figure 5).
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Figure 4 Percentage of patients in high quality studies who reported instability at follow-up.
Seven studies (eleven treatment groups) with a follow-up ≤ 3 years are presented. Severity of sprains in 
studies with one follow-up moment: □ rupture, ○ no rupture, △ mixed or unknown. Severity of sprains in 
studies with more than one follow-up moment: ■ rupture, ● no rupture, ▲ mixed or unknown
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Figure 5 Percentage of patients in high quality studies who reported full recovery at follow-up.
Three studies (seven treatment groups) with a follow-up ≤ 3 years are presented. Severity of sprains in 
studies with one follow-up moment: □ rupture, ○ no rupture, △ mixed or unknown. Severity of sprains in 
studies with more than one follow-up moment: ■ rupture, ● no rupture, ▲ mixed or unknown
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Prognostic factors
One study39 evaluated prognostic factors for incomplete recovery and re-sprains. Sports 
activity at a high level (training ≥ 3 times a week) was a signifi cant prognostic factor 
for residual symptoms compared to sports activity at a low level (training < 3 times a 
week) and no sports activity. However, only percentages and p-values were reported. 
Further, men had an increased risk of residual symptoms compared to women for which 
we calculated an OR of 4.78 (95% CI 1.36 – 16.61), but this diff erence may be due to the 
fact that the percentage of athletes among men was greater than among women.
We assessed prognostic factors indirectly according to study population character-
istics. The only possible prognostic factor which was frequently described as a study 
population characteristic in the included studies was injury grade. When we plotted the 
outcome of high quality studies according to this characteristic we saw no clear diff er-
ence in recovery rates or re-sprains.
DISCUSSION
This review summarizes the results on the course of pain, re-sprain, subjective instability 
and subjective recovery in patients with an acute lateral ankle sprain. Within two weeks, 
a rapid improvement of pain experience was seen in the majority of patients with acute 
ankle sprains. Further improvement occurred after these two weeks, although more 
slowly. Re-sprains occurred within periods ranging from two weeks to 96 months after 
the initial injury and ranges from 3% to 34% of the patients. The occurrence of subjective 
instability ranged from 0% to 33% in the high quality studies and from 7% to 53% in the 
low quality studies. Full recovery was reported by 36% to 85% of the patients at two 
weeks to 36.2 months follow-up. These results seem to be independent of the severity 
of the initial sprain. After three years follow-up some patients still report residual symp-
toms (pain, subjective instability) and thus no total recovery. Only one study reports on 
prognostic factors39; the authors found that sports activity at a high level compared to 
sports activity at a low level and no sports activity is a risk factor for residual symptoms. 
Furthermore, men had an increased risk of residual symptoms compared to women. 
Although the authors attributed this latter association to the fact that the percentage of 
athletes among men was greater than among women, the real association is not clear 
without multivariable analyses.
The methodological quality according to our criteria appeared to be high for most 
of the studies. The most prevalent methodological shortcoming was no available in-
formation on completers versus non-completers. A potential limitation of the present 
review might be the literature search in that our search was limited to indexed journals. 
Therefore, unpublished studies and studies in non-indexed journals have been missed. 
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However, this is the fi rst time that the course of conventionally treated ankle sprains in 
adults has been described. Surprisingly, information about potential prognostic factors 
is rare; future studies on this topic are warranted.
As shown in the included studies, conventional treatment is performed in various 
ways. Conventional treatment is often combined with partial immobilisation, which can 
be off ered by a broad spectrum of devices. In a systematic review, Kerkhoff s et al.5, 40 
compared the eff ectiveness of diff erent partial immobilising devices (semi-rigid ankle 
support, lace-up ankle support, tape, or elastic bandage) in the treatment for acute 
lateral ankle ruptures. Their results show, within six weeks follow-up, that there might 
be some diff erence in persistency of swelling, time to return to work and sport, and 
subjective instability when using diff erent external supports.
Although the conventional treatments in the included studies are performed in vari-
ous ways, the small diff erences, as found by Kerkhoff s et al.5, 40, might explain the large 
heterogeneity of the outcomes in this review. However, more obvious for the heteroge-
neity of the results is the diff erence in how the outcomes are measured and the diff er-
ences between the study population in the included studies. Linde et al.39 concluded 
that athletes had an increased risk of residual symptoms and that residual symptoms 
occurred in 32% of top athletes after one year. Because of this it would have been infor-
mative to classify the included studies according to the activity level of their included 
patient groups; the activity level might have explained some of the heterogeneity of 
the outcomes of the studies. However, only eight of the included studies provide some 
information about the activity level of their study population, and this was insuffi  cient to 
classify the studies in a reasonable way. Besides, the studies did not report enough data 
to investigate the infl uence of age, gender, body weight and BMI on the occurrence of 
pain, re-sprains, subjective instability and subjective recovery.
As mentioned before, after three years follow-up some patients still have residual 
symptoms. The factors contributing to persistent complaints are largely unknown. For 
the time being, injury grade (rupture or no rupture) does not seem to be a strong predic-
tor for the course of lateral ankle sprains. Figures 2-5 show that there are no diff erences 
towards the outcome measures. Furthermore, only Linde et al.39 evaluated prognostic 
factors for residual symptoms. Therefore, more research is needed to evaluate prognos-
tic factors for poor recovery and occurrence of re-sprains. This will allow determining 
which population is at risk for non recovery or for re-sprains. Such a high risk population 
might especially benefi t from a specifi c treatment added to conventional treatment.
In conclusion, this review presents the clinical course of pain, objective and subjec-
tive instability and subjective recovery of adult patients with conventionally treated 
ankle sprains. During the fi rst two weeks there is a rapid decrease in pain, after which it 
continues to improve more slowly. After three years follow-up some patients still have 
residual symptoms of their initial sprain. There is a wide variation in reported subjective 
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instability, re-sprains and subjective recovery between the diff erent studies. A risk factor 
for residual symptoms might be sports activity at a high level, but more studies evaluat-
ing prognostic factors in patients with acute ankle sprains are needed.
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ABSTRACT
During the recovery period after acute ankle sprain, it is unclear whether conventional 
treatment should be supported by supervised exercises. Therefore we evaluate the 
short- and long-term eff ectiveness of conventional treatment combined with super-
vised exercises compared with conventional treatment alone in patients with an acute 
ankle sprain.
Adults with an acute lateral ankle sprain consulting general practices or the hospital 
emergency department were randomised to either conventional treatment combined 
with supervised exercises or conventional treatment alone. Primary outcomes were 
subjective recovery (0–10 point scale) and the occurrence of a re-sprain. Measurements 
were carried out at intake, four weeks, eight weeks, three months, and one year after 
injury. Data were analysed using intention-to-treat analyses.
A total of 102 patients were enrolled and randomised to either conventional treat-
ment alone or conventional treatment combined with supervised exercise. There was 
no signifi cant diff erence between treatment groups concerning subjective recovery or 
occurrence of re-sprains after three months and one year of follow-up.
In conclusion, conventional treatment combined with supervised exercises compared 
to conventional treatment alone during the fi rst year after an acute lateral ankle sprain 
does not lead to diff erences in the occurrence of re-sprains or in subjective recovery.
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INTRODUCTION
Ankle sprains are one of the most common musculoskeletal injuries. In the Netherlands 
an estimated 600,000 people sustain ankle injuries each year. Roughly half of these 
people visit general practitioners or, on their own initiative, emergency departments.1 
In Dutch general practice there is an incidence of 12.8 per 1,000 patients per year. 
Experimental studies of ligamentous healing indicate that gradually increasing and 
functional load exercises stimulate healing and increase the strength of ligaments after 
injury.2-4 While injury to the ligaments may result in decreased mechanical stability of 
the ankle, neuromuscular defi cits are also likely to occur due to injury to the nervous 
and musculo-tendinous tissue.5-7 This may also result in an unstable ankle, which can 
lead to re-injuries and a feeling of “giving way”. Balance training as part of rehabilitation 
may restrict the occurrence of functional instability and improve postural control after 
ankle sprains.8-10
Several reviews indicate that conventional treatment (early mobilisation, including 
mobilisation instructions and early weight bearing combined with or without the use 
of an external support) is the preferred treatment strategy.11-16 External support used is 
tape, bandage or a brace, but never a plaster cast. At present, this conventional treatment 
is known as usual care. Systematic reviews of Ogilvie-Harris and Gilbart14, and Kerkhoff s 
et al.11 report that there is no existing evidence for eff ectiveness of physiotherapy as 
a treatment strategy for acute ankle sprains. Even more precise is the conclusion of a 
systematic review by van Os et al.17, which reports that there is limited evidence from 
randomised controlled trials that conventional treatment combined with supervised 
rehabilitation training may be superior to conventional treatment alone as a treatment 
for acute injuries of the lateral ligament complex of the ankle. It is unclear whether con-
ventional treatment should be supplemented with supervised functional exercises to 
decrease the feeling of ‘giving away’ and more importantly to decrease re- sprains in the 
long-term. All three systematic reviews advice to conduct a randomised controlled trial 
on this topic.11, 14, 17 Therefore, the present prospective randomised study compared the 
short- and long-term eff ect of conventional treatment alone with those of conventional 
treatment combined with supervised functional exercises in the treatment of an acute 
ankle sprain in adults.
METHOD
Patients
Patients who had an acute injury of the lateral collateral ligaments of the ankle and 
who presented themselves to one of the 32 participating general practitioners or at the 
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emergency department of the local hospital in the same district between March 2002 
and December 2003 were asked for informed consent to participate in the trial. Patients 
with a lateral ankle sprain were eligible for the study if they were aged between 18 and 
60 years and their fi rst visit to the physician was within one week of injury. Patients were 
excluded if they had a history of an injury of the same ankle during the previous two 
years or when they had a fracture of the same ankle.
Study design
The GP or physician working in an accident and emergency department carried out a 
standardised clinical examination. Occurrence of swelling, haematoma, location of the 
sprain, and anterior drawer sign were reported. In addition, the physician estimated the 
severity of the injury. Categorising severity was based on clinical fi ndings (stability, in-
tensity and location of swelling, pain, and haemorrhage),and graded according to three 
levels: grade I mild, grade II moderate and grade III severe.18, 19 If considered necessary 
based on the Ottawa ankle rules20, radiological examination was performed to confi rm 
the absence of bone injury.
After informed consent and after acquiring baseline information (questionnaire and 
clinical fi ndings), each patient was randomised by a blinded and independent research 
assistant, making use of sealed envelopes which contained computer-generated ran-
domisation cards, into either the conventional treatment group or the physical therapy 
group. Randomisation was stratifi ed for setting (general practice vs. emergency depart-
ment) and severity of the injury (grade I and grade II vs. grade III) with a block size of six.
Treatment
All participants in both groups received the same conventional treatment from their 
physician who was not aware of whether the patient undertook additional supervised 
exercises. Conventional treatment incorporated information about early ankle mobilisa-
tion, including advice for home exercises (for which patients received written instruc-
tions) and early weight bearing. Participants were encouraged to start these activities 
as early as possible, and to increase their activity level gradually. In general practice the 
ankle was protected by a tape or bandage if considered necessary by the physician, and 
in the emergency department with a brace (Active Ankle® - trainer, Louisville, USA).
Patients in the physical therapy group participated in an individual and progressive 
training program supervised by a physiotherapist, using a standardised protocol (see 
Appendix), which was based on the guideline of the Royal Dutch Society of Physiothera-
pists.21 This programme existed of a maximum of nine half hour sessions, within a period 
of three months, and included balance exercises, walking, running and jumping.
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Outcome assessment
The primary outcome measures were subjective recovery and occurrence of re-sprains 
at three months and one year follow-up. Secondary outcome measures were patients’ 
appreciation of the received treatment, tested and reported instability and range of 
motion (ROM) of the ankle joint at three months’ follow-up and reported instability at 
one year follow-up.
Questionnaires were administered at baseline at four weeks, eight weeks, three 
months and at one year after injury. Information was asked about: subjective recovery 
on a 0 – 10 point scale (0 represents no recovery and 10 full recovery); re-sprain; the 
patient’s appreciation of the received treatment (no, partial, or full appreciation) and 
reported instability. Treatment preference before randomisation (physical therapy, 
physician, or no preference at all) was measured at baseline only.
Three months after injury a blinded assessor performed a standardised clinical exami-
nation. The un-injured ankle was tested fi rst, during all tests and in all patients. All tests 
were performed barefooted. This examination included two functional stability tests (a 
modifi cation of Romberg’s test,8 and the one-leg hop test8, 22), and an active ROM test of 
the ankle.22
Tested instability was assessed by patients standing on one leg for a maximum of one 
minute with eyes open, and standing on one leg for a maximum of 30-seconds with eyes 
closed. Balance time (the time patients could stand on one leg) was noted and patients 
were asked if they experienced the same feeling of stability in both legs. If not, they were 
asked to indicate which leg felt less stable.8
A one-leg hop test (forward jumping and landing on the same foot fi ve times with 
each leg) was performed to assess functional stability. Patients were asked if they experi-
enced the same feeling of stability in both legs; if not, they were asked to indicate which 
leg they judged as less stable.
For the active ROM test an electronic digital inclinometer was used (Cybex EDI 320, 
New York, USA). Sitting with the knees in 0 degrees and the ankle in maximal plantar 
fl exion, participants performed a maximal dorsal fl exion in the ankle. Diff erences be-
tween the sprained and not-sprained ankle scores were calculated.
Sample size
The study initially aimed at enrolling 158 patients during an inclusion period of one year, 
divided over two treatment groups of 79 persons each. This sample size was calculated 
to detect a 20% diff erence (a suspected decrease from 45% to 25%) between both 
groups in the occurrence of re-sprains after three months’ follow-up, with a power of 
80% (1-β) and a one-tailed level of signifi cance (α) of 5%.
The 20% diff erence was based on a study by Wester et al.23 which reported a diff erence 
of 29% in occurrence of re-sprains between a training group and no training group after 
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a mean follow-up of 230 days (standard deviation [SD] 62.9). Their population seemed 
comparable to the population in the current study. All patients with an acute lateral 
ankle sprain were recruited from the local casualty department, were given the usual 
conventional treatment and randomised into either a training group or a no- training 
group.
Statistical analysis
Data were analysed with researchers being unaware of participants’ group assignment, 
using both an intention-to-treat analysis and a per-protocol analysis (that is, analysis 
based only on patients who complete the entire treatment protocol). For patients with 
incomplete datasets or who were lost to follow-up, the last available data were carried 
forward.
Patients’ appreciation of the received treatment was dichotomised (full appreciation 
versus no or partial appreciation). Multivariable logistic regression was used to analyse 
relationships between dichotomous outcomes (re-sprain, appreciation of the received 
treatment and dichotomised recovery) and treatment (conventional treatment alone or 
combined with supervised exercises). Multivariable logistic regression produced odds 
ratios (OR) as outcome dimensions; therefore, results are presented as ORs with a 95% 
confi dence interval (CIs). Risk diff erences with CIs were also added, as these are easier 
to interpret. Multivariable linear regression was used to analyse relationships between 
continuous outcome measures (subjective recovery and ROM) and treatment.
Potential confounders were age, sex, body mass index, injury grade, treatment 
received as preferred, ankle load during work and ankle load during leisure time at 
baseline. Variables that aff ected the univariate relationship (more than 10% change of 
the slope or β) were entered the multivariate model. Data are presented at a two-tailed 
level of signifi cance (α) of 5%.
RESULTS
A total of 107 patients were randomised during the inclusion period. Five of these 
patients (three from the physical therapy group, two from the conventional treatment 
group) were randomised too early. Although they reported to have sent the baseline 
questionnaire at the time they were randomised, researchers never received it; therefore, 
these fi ve patients could not be included in our analyses. During the trial another fi ve 
patients (four from the physical therapy group, one from the conventional treatment 
group) were lost to follow-up, but their last available data were carried forward in the 
analyses, Figure 1.
Rogier BW.indd   46 07-10-10   11:05
Supervised exercises for adults with acute lateral ankle sprain 47
Patients in the physical therapy group received a mean of 6.1 (SD=3.0) treatment 
sessions (median = 7). As some participants did not receive the treatment as initially 
allocated or crossed over and visited a physiotherapist during the trial, the treatment 
received was not 100% as initially allocated. Those who did not receive the physical 
therapy as allocated (n=4) never attended the physical therapy practice. 11% (n=6) 
crossed over and visited a physiotherapist during follow-up (all within the three months’ 
follow-up period). All patients, in both groups, received instructions on home exercises 
as part of the conventional treatment at the initial examination. In the group with ad-
ditional supervised exercises, 74% (n=28) of the patients reported to have done their 
home exercises regularly. Most patients in the group with conventional treatment alone 
(82%; n=36), reported that in the fi rst three weeks after injury they rarely or never did 
their home exercises
Randomised patients (n = 107) 
Conventional treatment (n = 55) 
Excluded after randomization: n = 2 
Physical therapy (n = 52) 
Excluded after randomization: n = 3 
Conventional treatment (n = 53) Physical therapy (n = 49) 
Follow-up conventional treatment 
4 weeks 
Assessed for primary outcome (n = 48) 
8 weeks 
Assessed for primary outcome (n = 45) 
3 months 
Assessed for primary outcome (n = 48) 
Inclusive forwarded: 
 Re-sprain (n = 52) 
 Subjective recovery (n = 53) 
Assessed for clinical examination (n = 46) 
12 months 
Assessed for primary outcome (n = 41) 
Inclusive forwarded: 
 Re-sprain (n = 52) 
 Subjective recovery (n = 53) 
Follow-up physical therapy 
4 weeks 
Assessed for primary outcome (n = 39) 
8 weeks 
Assessed for primary outcome (n = 34) 
3 months 
Assessed for primary outcome (n = 41) 
Inclusive forwarded: 
 Re-sprain (n = 44) 
 Subjective recovery (n = 49) 
Assessed for clinical examination (n = 40) 
12 months 
Assessed for primary outcome (n = 39) 
Inclusive forwarded: 
 Re-sprain (n = 45) 
 Subjective recovery (n = 49) 
Received treatment as allocated (n = 47) Received treatment as allocated (n = 45) 
Figure 1 Flow of participants through the trial
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Participants’ baseline characteristics (Table 1) indicate that both groups are well bal-
anced regarding their demographic and clinical variables.
After twelve months’ follow-up there were fi ve patients (one from the conventional 
treatment group and four of the physical therapy group) who only fi lled in their baseline 
questionnaire. Therefore, outcome measures could not be carried forward.
Table 1 Baseline characteristics of the study population
Characteristic
Conventional treatment
(n=53)
Physical therapy
(n=49)
Age (yr), mean (SD) 37.0 (11.9) 37.0 (11.9)
Body mass index (kg/m2), mean (SD) 25.4 (4.2) 25.1 (3.8)
Interval between injury and baseline (days), 
mean (SD) 4.6 (2.4) 4.8 (2.3)
Gender, n (%)
• Female
• Male
22 (42)
31 (59)
21 (43)
28 (57)
Injury grade, n (%)
• I
• II
• III
• Unknown
23 (43)
18 (34)
1 (2)
11 (21)
20 (41)
23 (47)
3 (6)
3 (6)
Patient preference, n (%)
• No preference
• Conventional treatment
• Physical therapy
• Unknown
8 (15)
30 (57)
9 (17)
6 (11)
15 (31)
23 (47)
10 (20)
1 (2)
Ankle aff ected, n (%)
• Left
• Right
26 (49)
27 (51)
22 (45)
27 (55)
Setting, n (%)
• General practitioner
• First-aid physician
33 (62)
20 (38)
31 (63)
18 (37)
Ankle protection, n (%)
• Tape or bandage
• Brace
31 (58)
8 (15)
26 (53)
10 (20)
Ankle load during work, n (%)
• No
• Light
• Heavy
• Unknown
14 (26)
20 (38)
14 (26)
5 (9)
11 (22)
20 (41)
17 (35)
1 (2)
Ankle load during sports or hobby, n (%)
• No
• Light
• Heavy
• Unknown
13 (25)
10 (19)
25 (47)
5 (9)
8 (16)
16 (33)
22 (45)
3 (6)
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For the per-protocol analysis, six patients of the conventional treatment group and 
four patients of the physical therapy group who did not adhere to the treatment proto-
col were excluded.
Treatment eff ect after three months
For all outcomes after three months no confounders were identifi ed. Data for the primary 
and secondary outcomes at three months’ follow-up are given in Table 2. No signifi cant 
diff erence was found between treatment groups for subjective recovery (Figure 2), oc-
currence of re-sprains (Figure 3), tested instability, reported instability (Figure 4) and 
ROM.
A signifi cant diff erence was observed in the appreciation of the received treatment in 
favour of the supervised exercises: 68% of the patients from the conventional treatment 
group and 91% of the patients from the physical therapy group fully appreciated the 
received treatment. OR for appreciation of the received treatment was 4.69 (95% CI = 
1.41 to 15.5) in favour of the physical therapy group.
When subjective recovery is dichotomised (ten representing full recovery versus a 
score below ten) 19% of the patients from the conventional treatment group and 33% 
Table 2 Outcomes after 3 and 12 months’ follow-up with univariate analysis.a
Outcome (follow-up) Conven-
tional
treatment
Physical 
therapy
Univariate analysis Risk
Diff erence
n (%) n (%) OR
(95% CI)
AR
(95% CI)
Re-sprain (3 months) 14 (27) 10 (23) 0.80
(0.31 – 2.03)
-4.2%
(-21.5% - 13.1%)
Re-sprain (12 months) 16 (31) 13 (29) 0.91
(0.38 – 2.19)
-1.8%
(-20.1% – 16.4%)
Reported instability (3 months) 34 (64) 32 (65) 1.05
(0.47 – 2.37)
1.2%
(-17.4% – 19.7%)
Reported instability (12 months) 30 (57) 26 (53) 0.87
(0.40 – 1.89)
-3.5%
(-22.9% – 15.8%)
Tested instability (3 months) 26 (57) 18 (45) 0.63
(0.27 – 1.48)
-11.5%
(-32.6% – 9.5%)
Full treatment appreciation (3 months) 32 (68) 40 (91) 4.69’
(1.41 – 15.5)b
22.8%
(7.0% – 38.7%)
mean ± SD mean ± SD Mean diff  (95% CI) Eff ect size (95% CI)
Recovery (3 months) 7.8 ± 2.4 8.2 ± 2.4 0.33 (-0.60 - 1.27) 0.14 (-0.25 - 0.54)
Recovery (12 months) 8.6 ± 1.9 8.3 ± 2.8 - 0.28 (-1.22 - 0.66) - 0.12 (-0.51 - 0.28)
ROM diff erence (3 months)c 3.7 ± 8.0 1.9 ± 6.1 - 1.82 (-4.96 - 1.32) - 0.25 (-0.69 - 0.18)
a Primary outcomes in Italic; b p ≤ 0.05; c injured ankle versus non-injured ankle. ROM = range of motion; 
AR = absolute risk.
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Figure 2 Mean ± SD recovery score (range 0-10) at 4 weeks, 8 weeks, 3 months, and 1-year follow-up
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Figure 3 Percentage of patients who reported a re-sprain within 4 weeks, 8 weeks, 3 months, and 1 year 
follow-up
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from the physical therapy group reported full recovery. OR of full recovery was 2.09 (95% 
CI = 0.84 to 5.18). When nine was used as cut off  score instead of ten, 60% of the patients 
from the conventional treatment group and 59% from the physical therapy group re-
ported full recovery, with an OR of 0.95 (95% CI = 0.43 to 2.10).
Using per- protocol analysis the mean subjective recovery score (possible range from 
0 to 10) for the conventional treatment group was 8.1 (SD 2.2) and for the physical 
therapy group was 8.4 (SD 2.0); mean diff erence was -0.34 (95% CI = -1.21 to 0.54). OR 
for re-sprains was 0.99 (95% CI = 0.37 to 2.65). Similar to the intention- to- treat analysis, 
a signifi cant diff erence was found in the appreciation of the received treatment with an 
OR of 3.48 (95% CI = 1.01 to 12.0). Tested and reported instability between both groups 
showed no signifi cant diff erence; ORs were 0.66 (95% CI = 0.27 to 1.61) and 1.02 (95% CI 
= 0.44 to 2.37) respectively.
Treatment eff ect after one year
For all outcomes after one year no confounders were identifi ed. Data for the primary 
and secondary outcomes at twelve months’ follow-up are given in Table 2. No signifi cant 
diff erence was found between both groups in subjective recovery (Figure 2), occurrence 
of re-sprains (Figure 3), or reported instability (Figure 4).
Forty-two per cent of patients from the conventional treatment group and 53% from 
the physical therapy group reported full recovery when a score of ten on a eleven-point 
Reported instability
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Figure 4 Reported instability at 4 weeks, 8 weeks, 3 months, and 1-year follow-up
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scale represents full recovery. OR of full recovery was 1.59 (95% CI = 0.73 to 3.49). If a 
score of nine or ten represents full recovery, 72% of the patients from the conventional 
treatment group and 74% patients from the physical therapy group reported full recov-
ery, with an OR of 1.20 (95% CI = 0.51 = 2.84).
Similar to the intention- to- treat analysis, no signifi cant diff erence was found using 
the per- protocol analysis. Mean diff erence for subjective recovery was 0.13 (95% CI = 
-0.79 to 1.04); OR for re-sprains was 1.10 (95% CI = 0.44 to 2.74); OR for reported instabil-
ity was 0.84 (95% CI = 0.37 to 1.91).
DISCUSSION
Summary of main fi ndings
This study showed that usual care combined with supervised exercises compared with 
usual care alone at three months and one-year follow-up after an acute lateral ankle 
sprain did not indicate clinically- meaningful diff erences in the occurrence of re-sprains 
or in subjective recovery in patients consulting a GP or the emergency department. 
However, due to the large CI of the risk diff erence for re-sprains after three months’ fol-
low up, there is a slight possibility that usual care combined with supervised exercises is 
the preferred treatment option for this population. In support of this approach, patients’ 
appreciation of the received treatment was higher for those who consulted the physio-
therapist for supervised exercises than those who received usual care.
Strength and the limitations of this study
A few limitations of the present study should be noted. Due to fi nancial- and time 
restrictions, researchers had to fi nish the (already extended) inclusion period before 
158 patients were included. Nevertheless, this trial is still one of the largest in the fi eld 
of ankle sprains to study the eff ect of supervised rehabilitation training. Sample size 
calculation was based on a 20% decrease (45% to 25%) in occurrence of re-sprains, as 
found by Wester et al. who had a comparable population to the current study.23 The 
occurrence of re-sprains in the conventional treatment group was lower than expected 
(27% after three months, 31% after twelve months). Compared with the control group 
only, an additional decrease of 4% after three months and only a decrease of 2% after 
twelve months in occurrence of re- sprains was seen in the group receiving supervised 
exercises. The magnitude of this diff erence indicates that adding supervised exercises 
to conventional treatment does not lead to clinically- relevant improvements. From the 
95% CI of the diff erence (-21.5% to 13.1%) it may conclude that a true population diff er-
ence of 20% is not very likely with this intervention.
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Comparison with existing literature
The main fi ndings in the present study are concordant with several other studies.24-27 
These studies found no diff erence in occurrence of re-sprains or subjective instability 
between groups. Nilsson26 examined elastic wrapping alone versus elastic wrapping 
combined with supervised exercises in patients who consulted the emergency depart-
ment after 4.3 months and three years’ follow-up. Oostendorp27 compared plaster 
bandage alone with plaster bandage combined with a standardised exercise program in 
patients who were injured during high risk sport and referred to a physiotherapist after 
three months. Eiff  et al.24 conducted their trial at a military centre, and Konradsen et al.25 
treated 80 patients with grade III lateral ligament ruptures: both studies compared early 
mobilized and immobilised patients after twelve months’ follow-up.
Other studies reported more positive results. Holme et al.28 and Reinhardt et al.29 
reported diminished re-sprains and less instability in the training group after three 
months’ follow- up. However, the participants in these studies were, respectively, rec-
reational athletes and recruits and professional soldiers. Patients in the intervention 
group of Holme et al.28 participated in a supervised-exercises group for one hour twice 
weekly, compared with the current study which conducted a maximum of nine half-
hour sessions within a period of three months. Oostendorp27 reported, in contrast to the 
results after three months’ follow-up, a signifi cant diff erence in ‘fear of the ankle giving 
away’ after six months follow-up. The 24 participants included in Oostendorp’s study 
exclusively had a grade I or II sprain, were aged between fi fteen and 30 year and were 
injured during volleyball, basketball, handball or soccer.
Wester et al.23 and Holme et al.28 reported fewer re-sprains after twelve months’ follow-
up. Wester et al. also reported less instability after twelve months in the 48 patients who 
completed the study. All were active in sports for at least two hours a week, patients 
with clinically demonstrable ankle instability were excluded and the treatment only con-
sisted of wobble-board training. The diff erences in outcome between the current study 
and these studies could be due to the smaller number of patients in those trials8, 23, 28, 29, 
specifi c patient groups23, 27-29, diff erent settings27, 29 and diff erent interventions23, 27, 28.
These latter studies demonstrate that specifi c patient groups (people involved in 
sport) may benefi t from early ankle mobilisation combined with supervised exercises. In 
line with these studies is the study of Verhagen et al.30 which found that a proprioceptive 
balance-board training program does not have a primary preventive eff ect. Instead, the 
programme was thought to have a rehabilitative eff ect, as the training program led to 
a lower incidence of ankle sprains for volleyball players with a history of ankle sprains.
To demonstrate benefi ts for a specifi c patient group in the current study, subgroup 
analyses are needed. For example, subgroups classifi ed by injury grade or level of sport 
practice at baseline. Such subgroup analyses did not lead to any signifi cant diff erences. 
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These analyses were explorative and were based on very small numbers. Therefore, no 
meaningful conclusions can be made based on subgroup analysis in this study.
Furthermore, it is known that the Dutch conventional treatment as defi ned in the cur-
rent study (early ankle mobilisation, including home exercises and early weight bearing) 
diff ers from the conventional treatment in other countries, which is much less involved. 
In the current study the diff erence in treatment between conventional treatment and 
intervention is less extreme compared with other studies. Therefore, this could explain 
why no diff erence was found between conventional treatment and intervention, while 
other studies have found a diff erence.
Implications for future research or clinical practice
This study was not large enough to perform meaningful subgroup analyses. However, a 
trial such as this in a specifi c subgroup would be of value. This study showed that after 
one year follow-up, some patients still had complaints relating to their initial injury. Fac-
tors causing persistent complaints are largely unknown. Therefore, a study to evaluate 
prognostic factors for poor recovery and occurrence of re-sprains is needed. The infor-
mation derived from such a study could be used to determine a high-risk population 
for non recovery or re-sprain. Such a group may be a subgroup of interest for specifi c 
interventions.
Until further research is carried out, results from this and previous studies suggest that 
there is no strong indication that conventional treatment should be accompanied by 
supervised rehabilitation training.
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Some benefit from physiotherapy
 intervention in the subgroup of 
patients with severe ankle sprain 
as determined by the ankle 
function score: a randomised trial
Aust J Physiother. 2009;55(2):107-113
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ABSTRACT
The objective of this study was to investigate if the baseline Ankle Function Score (AFS) 
could be used to predict recovery in patients with an acute lateral ankle sprain, if there 
was a diff erence in treatment eff ect of added supervised exercise in patients classifi ed 
by the baseline AFS, and if there was evidence for an association between self-reported 
recovery and a follow-up AFS >75.
This study was conducted with the data obtained by our RCT. Outcomes were an 
AFS which consists of fi ve categories in which a number of points can be summed to 
a maximum overall score of 100, recovery, pain and giving way all measured using a 
0-10 visual analogue scale, and incidence of re-sprain. Measurements were carried out 
at baseline, four and eight weeks, three and twelve months after injury. Patients were 
divided into subgroups according to the baseline AFS; severe sprain (AFS ≤40) versus 
mild sprain (AFS >40).
At four weeks follow-up, patients with a mild injury had signifi cantly less pain dur-
ing walking and reported less feeling of giving way compared to patients with severe 
injuries. There was no diff erence in eff ect of added supervised exercises in those with a 
severe injury compared with a mild injury at eight weeks or twelve months. However, 
there was a benefi cial eff ect of supervised exercises in patients with severe injuries 
according to pain and feeling of giving way when walking compared to patients who 
received conventional treatment alone. Correlations between subjective recovery and 
the AFS at follow-up ranged from 0.48 to 0.79.
In conclusion, the results of this study only partially support the recommendations 
regarding the use of the ankle function score in the ‘Acute Ankle Injury’ guideline of the 
Royal Dutch Society of Physiotherapists.
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INTRODUCTION
In the Netherlands an estimated 600,000 people sustain ankle injuries each year and 
half of these acute ankle injuries occur during sport. In the USA there are 23,000 ankle 
injuries each day and in the UK there are 5,000.1, 2 The second Dutch national survey of 
general practice (conducted by the Netherlands Institute for Health Services Research; 
NIVEL), showed that general practitioners in the Netherlands see 210,000 ankle injuries 
each year, ie, an incidence of thirteen per thousand patients per year.1, 3 The most recent 
data available shows that in 1995 about 25% of the patients with an ankle injury were re-
ferred to a physiotherapist.4 The ‘Acute ankle injury’ clinical guideline of the Royal Dutch 
Society of Physiotherapists proposes the use of an ankle function score.5 The ankle func-
tion score was developed by de Bie and colleagues and was adapted for ankle sprain 
injuries from the Lysholm score for knee injuries.6, 7 It allows for a distinction between 
mild and severe injuries. Patients with a baseline ankle function score >40 out of 100 
are described as having a mild injury, while those with a score ≤ 40 are described as 
having a severe injury. De Bie and colleagues report that patients with a mild injury are 
able to perform normal activities of daily living two weeks after injury.6 Sensitivity and 
specifi city for recovery at two weeks after injury were 97% and 100% respectively. Thus, 
the distinction between a mild and severe injury, based on the ankle function score, 
should enable physiotherapists to predict short-term recovery.
The guideline also states that patients with a mild injury (baseline ankle function score 
>40) do not need specifi c physiotherapy intervention whereas patients with severe 
injuries (baseline ankle function score ≤40) do. However, several investigators have 
shown that physiotherapy intervention does not lead to an improvement in recovery 
or a reduction in instability or the incidence of re-injury compared with conventional 
intervention.8-12 Furthermore, we have previously shown in an exploratory subgroup 
analysis that classifying patients by injury does not lead to a diff erence in outcome.12 
Nevertheless, no study has evaluated the effi  cacy of physiotherapy intervention in 
patients who are classifi ed as having mild versus severe injuries as determined by the 
ankle function score.
De Bie et al. reported that patients who obtain more than 75 points on the ankle func-
tion score are considered to be recovered.6 Van der Wees et al, investigating adherence 
to the ‘Acute Ankle Injury’ guideline, reported that the ankle function score can distin-
guish between mild and severe injuries.13 However, it remains unclear whether the ankle 
function score predicts recovery over time. Therefore, the specifi c research questions for 
this study were:
1.  Do patients with a severe injury (baseline ankle function score ≤40) do less well in the 
short-term than patients with a mild injury (score >40)?
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2.  Does physiotherapy intervention have more eff ect on patients with a severe injury 
than a mild injury in the short- or long-term?
3.  Is self-reported recovery related to ankle function score over time?
METHOD
Design
Data collected in a randomised trial were used to perform a subgroup analysis.12 In 
this trial, participants with an acute lateral ankle sprain attending a general practice 
or a hospital emergency department were allocated to an experimental group or a 
control group via concealed allocation. The experimental group received physiotherapy 
intervention (consisting of supervised exercises) as well as conventional intervention 
while the control group received conventional intervention alone. Outcomes were self-
reported recovery, pain, instability (feeling of giving way), and incidence of re-sprain, 
so collection was unblinded. They were collected at baseline, four weeks, eight weeks, 
three months, and one year after injury. There were no statistically-signifi cant diff er-
ences between the groups for any outcome at any time.
Participants
Patients with a lateral ankle sprain were eligible for inclusion if they were aged between 
18 and 60 years and their fi rst visit to the physician was within one week of injury. They 
were excluded if they had a history of an injury to the same ankle during the previous 
two years, or if they had a fracture of the same ankle. Participants were divided into two 
subgroups according to baseline ankle function score (≤40 and >40). The ankle function 
score (Table 1) consists of fi ve categories: pain, instability, weight bearing, swelling, and 
gait pattern; each category is summed to a score out of 100 where 0 represents the 
worst possible function and 100 represents the best possible function.6
Intervention
The experimental group received individually-tailored and progressed exercises, 
supervised by a physiotherapist using a standardised protocol of exercises, based on 
the guideline of the Royal Dutch Society of Physiotherapists.5 This was in addition to 
conventional intervention delivered by a medical practitioner which included informa-
tion about early ankle mobilisation, including advice for home exercises (for which they 
received written instructions) and early weight bearing. The control group received 
conventional intervention only.
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Outcome measures
Outcomes were self-reported recovery, pain, instability (feeling of giving way) and inci-
dence of re-sprain collected using a questionnaire. Recovery, pain and instability were 
measured on 10-point visual analogue scales; for recovery 0 represented no recovery 
and 10 full recovery, for pain 0 represented no pain and 10 intolerable pain, and for 
instability 0 represented never experiencing a feeling of giving way and 10 a continuous 
feeling of giving way.
Data analysis
Mean (SD) or number (%) were calculated for patient characteristics at baseline and 
outcome measures at all time points for the experimental and control groups divided 
into the two subgroups (ankle function score ≤40 and >40). To reduce bias and improve 
effi  ciency, missing values were multiply imputed.14 We generated fi ve imputed datasets 
using chained equations in the R routine of Multivariate Imputation by Chained Equa-
tions.15 To answer the question ‘Do patients with a baseline ankle function score ≤40 do 
Table 1 Ankle function score where 0 represent the worst possible function and 100 represent the best 
possible function.6
Category Item Score
Pain None
during sports
during running on non-level surface
during running on level surface
during walking on non-level surface
during walking on level surface
while carrying load
Constant pain
35
30
25
20
15
10
 5
 0
Instability None
Sometimes during sports (less than once a day)
Frequently during sports (daily)
Sometimes during ADL (less than once a day)
Frequently during ADL (daily)
Every step
25
20
15
10
 5
 0
Weight bearing Jumping
Standing on toes of injures leg
Standing on injured leg
Standing on two legs
None
20
15
10
 5
 0
Swelling None
Light
Mild
Severe
10
 6
 3
 0
Gait pattern Running
Normal gait
Mild limp
Severe limp
10
 6
 3
 0
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less well in the short-term than patients with a score >40?’ the mean diff erence (95% CI) 
between subgroups at four weeks and eight weeks for all outcomes were calculated.
To answer the question ‘Does physiotherapy intervention have a diff erent eff ect on 
patients with a baseline ankle function score ≤40 than a score >40?’, the mean diff erence 
or odds ratio (95% CI) between the experimental and control groups between subgroups 
(ankle function score ≤40 and >40) for all outcomes in the short-term (eight weeks) and 
the long-term (twelve months) were calculated.16
To answer the question ‘Is self-reported recovery related to ankle function score over 
time?’, we calculated the Pearson’s correlation coeffi  cient (r) between ankle function 
score and self-reported recovery at all time points. In addition, we calculated sensitivity 
and specifi city of the ankle function score, when full recovery was defi ned as 10 out of 
10.
RESULTS
Flow of participants through the study
A total of 102 patients participated in this study. At baseline, 61 participants (60%) com-
pleted the ankle function score. However, seven participants (7%) did not fi ll in the ankle 
function score at all, and eleven (11%) failed to fi ll in one category, twelve (12%) failed to 
fi ll in two categories, seven (7%) failed to fi ll in three categories, and four (4%) failed to 
fi ll in four categories. At baseline, 56 patients (55%) had a baseline ankle function score 
≤40 and 46 patients (45%) had a baseline ankle function score > 40. Table 2 shows the 
baseline characteristics of the participants.
Short-term outcome by subgroup
Table 3 presents self-reported recovery, pain, instability and incidence of re-sprain in 
the short-term (four and eight weeks) for the two subgroups. Of the seven outcomes 
measured at four weeks, there was a statistically signifi cant diff erence in three outcomes 
in favour of participants with a baseline ankle function score >40. At four weeks, par-
ticipants with a baseline ankle function score ≤40 had 1.1 out of 10 (95% CI 0.1 to 2.0) 
more pain walking on the fl at, 1.7 out of 10 (95% CI 0.5 to 2.9) more pain walking over 
rough ground, 1.8 out of 10 (95% CI 0.6 to 2.9) more instability when walking over rough 
ground than participants with a baseline ankle function score > 40. At eight weeks, there 
were no statistically signifi cant diff erences between the subgroups for any of the seven 
outcomes.
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Eff ect of intervention between subgroups
Table 4 presents self-reported recovery, pain, instability, and incidence of re-sprain in 
the short-term (eight weeks) and in the long-term (twelve months) for the experimental 
and control groups of the two subgroups. There was no statistically signifi cant diff erence 
between the experimental and control groups between subgroups in the short-term or 
the long-term. At eight weeks, the experimental group of the subgroup of participants 
with a baseline ankle function score ≤40 had 1.4 out of 10 (95% CI 0.1 to 2.6) less pain 
walking over rough ground, 1.1 out of 10 (95% CI 0.4 to 1.8) less instability walking on 
the fl at, 1.2 out of 10 (95% CI 0.2 to 2.2) less instability when walking over rough ground, 
than the control group of the same subgroup, with eff ect sizes of 0.62 (95% CI 0.05 to 
1.18), 0.82 (95% CI 0.31 to 1.33), and 0.61 (95% CI 0.08 to 1.14) respectively.
Table 2 Baseline characteristics of participants
Characteristic AFS ≤40
(n = 56)
AFS >40
(n = 46)
Exp
(n = 28)
Con
(n = 28)
Exp
(n = 21)
Con
(n = 25)
Age (yr), mean (SD) 39.3 (12.7) 38.8 (13.3) 34.0 (10.4) 35.0 (10.0)
BMI (kg/m2), mean (SD) 25 (4) 26 (4) 25 (4) 25 (4)
Gender, number (%)
• Female
• Male
14 (50)
14 (50)
12 (43)
16 (57)
7 (33)
14 (67)
11 (44)
14 (56)
Injury grade, number (%)
• I, mild
• II, moderate
• III, severe
• Unknown
11 (39)
14 (50)
3 (11)
0 (0)
13 (46)
8 (29)
1 (4)
6 (21)
9 (43)
10 (48)
0 (0)
2 (9)
10 (40)
9 (36)
0 (0)
6 (24)
Earlier injury, number (%)
• No earlier injury
• Earlier injury
• Unknown
10 (36)
17 (61)
1 (3)
14 (50)
11 (39)
3 (11)
12 (57)
8 (38)
1 (5)
16 (64)
7 (28)
2 (8)
Setting, number (%)
• General practitioner
• Emergency department
21 (75)
7 (25)
18 (64)
10 (36)
10 (48)
11 (52)
15 (60)
10 (40)
Pain (VAS 0-10), mean (SD)
• Rest
• Walking (fl at)
• Walking (rough)
3.0 (2.1)
5.1 (2.5)
7.1 (2.2)
2.0 (2.0)
4.7 (2.8)
7.2 (2.4)
1.4 (2.0)
2.3 (2.7)
5.3 (2.5)
1.1 (1.1)
2.2 (2.2)
4.3 (2.6)
Giving way (VAS 0-10), mean (SD)
• Walking (fl at)
• Walking (rough)
3.5 (2.4)
5.9 (2.3)
3.9 (2.7)
6.0 (2.8)
1.6 (2.1)
4.2 (2.1)
1.4 (2.0)
3.5 (2.9)
AFS = Ankle function score; Exp = Experimental group; Con = Control group; BMI = Body mass index; VAS 
= Visual analogue scale
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Relation between recovery and ankle function score
Figure 1 shows the relation between self-reported recovery and the ankle function score 
over time. Recovery was correlated with ankle function score at four weeks (r = 0.48, p 
< 0.01), at eight weeks (r = 0.66, p < 0.01), at three months (r = 0.67, p< 0.01), and at 12 
months (r = 0.79, p < 0.01). When 10 out of 10 was used to defi ne full recovery, sensitivity 
ranged from 98–100%, indicating that almost all participants reporting 10 out of 10 for 
recovery had an ankle function score >75. Specifi city ranged from 31% to 74%, indicat-
ing that a substantial number of participants with an ankle function score >75 did not 
report 10 out of 10 for recovery.
DISCUSSION
This study has shown that patients with a severe injury do worse on some outcomes than 
those with a mild injury at four weeks but not at eight weeks. At four weeks, patients with 
a severe injury reported more pain when walking on the fl at and over rough ground and 
Table 3 Mean (SD) or number (%) for outcomes of subgroups and mean diff erences or odds ratio (95% CI) 
between subgroups
Outcome Subgroups Diff erence between 
subgroups
AFS ≤ 40
(n=56)
AFS > 40
(n=46)
AFS ≤ 40 minus AFS > 40
Recovery (VAS 0-10), mean (SD) 4 wk 5.6 (2.4) 5.9 (2.8) -0.3 (-1.5 ; 1.0)
8 wk 6.9 (2.1) 7.3 (2.6) -0.4 (-1.5 ; 0.6)
Pain (VAS 0-10), mean (SD)
• at rest 4 wk 1.1 (1.6) 0.5 (1.1) 0.6 (-0.2 ; 1.4)
8 wk 1.0 (2.0) 0.4 (1.2) 0.6 (-0.2 ; 1.3)
• walking fl at 4 wk 1.8 (2.2) 0.8 (1.3) 1.1 (0.1 ; 2.0)
8 wk 0.9 (1.6) 0.4 (1.2) 0.6 (-0.1 ; 1.3)
• walking rough 4 wk 3.9 (2.5) 2.2 (2.3) 1.7 (0.6 ; 2.9)
8 wk 2.4 (2.2) 1.3 (1.9) 1.1 (-0.1 ; 2.2)
Instability(VAS 0-10), mean (SD)
• walking fl at 4 wk 1.5 (1.7) 0.7 (1.2) 0.8 (-0.3 ; 1.9)
8 wk 0.9 (1.4) 0.6 (1.1) 0.3 (-0.3 ; 0.9)
• walking rough 4 wk 3.8 (2.6) 2.0 (2.1) 1.8 (0.6 ; 2.9)
8 wk 2.3 (1.9) 1.4 (1.8) 0.8 (-0.1 ; 1.7)
Re-sprain, n (%) 4 wk 10 (18) 7(17) 0.90 (-3.88 ; 5.67)
8 wk 16 (30) 9 (22) 0.61 (-0.45 ; 1.68)
AFS = ankle function score; VAS = visual analogue scale
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more instability when walking over rough ground compared with patients with a mild 
injury but no diff erence in recovery. Furthermore, although the ankle function score is 
recommended to distinguish patients who need physiotherapy intervention from those 
who do not, our fi ndings showed that the eff ect of physiotherapy intervention was no 
diff erent for those with a mild compared with those with a severe injury, either in the 
short- or long-term. Finally, self-reported recovery was related to ankle function score 
at all points in time. However, although almost all participants reporting a full recovery 
had a high ankle function score, a substantial number of participants with a high ankle 
function score did not report a full recovery.
In the present study, the distinction between mild and severe injuries was made by 
means of the ankle function score as described by the Royal Dutch Society of Phys-
iotherapists in their ‘Acute Ankle Injury’ guideline. The guideline states that the ankle 
function score is determined by the physiotherapist. In the present study, however, the 
ankle function score was obtained from a questionnaire and is therefore self-reported by 
the patient. However, this is not likely to have had much impact on the results because 
exactly the same questions as the physiotherapist would have asked while determining 
the ankle function score were included in the questionnaire. In addition, even though 
not all categories of the ankle function score were completed, we used multiple imputa-
tion to account for the missing data since this is reported to be a reliable method to deal 
with missing values.17 The guideline, as well as de Bie and colleagues, states that the 
ankle function score is an excellent predictor of outcome within two weeks.6 The results 
of our study support this statement to some extent. We found more pain and feeling of 
giving way in patients with a severe injury compared with those with a mild injury at 
four weeks, although this diff erence had disappeared by eight weeks. There was no dif-
ference between subgroups in self-reported recovery at four weeks, although this result 
might to some extent be distorted by the 17% of participants who incurred a re-sprain. 
The guideline states that patients with an ankle function score ≤40 need physiotherapy 
intervention and those with an ankle function score >40 do not. In the present study, 
we could not show a diff erence in eff ect of physiotherapy intervention between these 
subgroups. However, although the mean diff erences were small and non-signifi cant sta-
tistically, they were in favour of more benefi t for the subgroup with a severe injury. Given 
that the experimental group of the severe subgroup had less pain walking over rough 
ground and less giving way walking on the fl at and over rough ground than the control 
group of the same subgroup in the short-term, a randomised trial of physiotherapy 
intervention in patients with a severe injury is warranted.
Participants in the control group of the subgroup with a mild injury reported less re-
sprain at eight weeks than the experimental group although this was not statistically 
signifi cant. Since participants in the experimental group were more active earlier be-
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cause of the nature of their intervention, they may have had a higher risk of re-spraining 
compared to those who received conventional intervention.
de Bie and colleagues considered recovery to have taken place with a score of more 
than 75 points out of 100 on the ankle function score.6 However, in the ‘Acute Ankle 
Injury’ guideline this score is not introduced as an alternative outcome measure. In the 
present study, self-reported recovery predicted ankle function score and the strength of 
the prediction increased over time. However, if the ankle function score is to be useful 
in determining recovery from ankle injury, more responsiveness studies should be con-
ducted, because we found that a substantial number of participants with a high ankle 
function score did not report a full recovery.
In conclusion, the results of this study only partially support the recommendations 
in the ‘Acute Ankle Injury’ guideline of the Royal Dutch Society of Physiotherapists. 
First, patients with a severe injury had only a few worse outcomes than those with a 
mild injury in the short-term. Second, the eff ect of physiotherapy intervention was not 
statistically diff erent for those with a mild injury compared with a severe injury, either 
in the short- or long-term. However, given that the experimental group of the severe 
subgroup showed some benefi ts over the control group of the same subgroup in the 
short-term, a randomised trial of physiotherapy intervention in patients with a severe 
injury is warranted. Finally, self-reported recovery predicted ankle function score and 
the strength of the prediction increased over time.
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ABSTRACT
Longitudinal research in musculoskeletal disorders often makes use of a single ques-
tion to measure recovery; however, a large variation in reported recovery exists. After 
an acute ankle sprain patients may experience no pain or functional disability, whereas 
they report not to be recovered, or vice versa.
The objective of this study is to fi nd explanatory variables for reporting recovery by 
analyzing to what extent diff erent outcomes (e.g. pain intensity) are associated with 
recovery, and how baseline scores of diff erent variables infl uence this association in 
adult patients after acute lateral ankle sprain.
This study was constructed within the framework of a randomized controlled trial. A 
total of 102 patients with an acute ankle sprain were included. Recovery, pain intensity, 
‘giving way’, and Ankle Function Score were assessed at four and eight weeks, and three 
and twelve months post-injury. Mean diff erences were calculated between baseline 
and follow-up. Associations were calculated using linear mixed models; the infl uence 
of baseline scores on these associations was determined using linear regression with 
interaction.
Associations were found between recovery and the mean diff erences of pain during 
running on a fl at and a rough surface (four and eight weeks, three months), and the 
mean diff erence of giving way during walking on a rough surface (eight weeks, three 
months).
In conclusion, this study is the fi rst to fi nd explanatory variables for reporting recovery 
in adults after ankle sprain. Pain intensity and giving way measured during high ankle 
load activities makes it easier to measure and to generalise recovery in this population 
and should be the primary outcome measure of interest. This study indicates the neces-
sity of reaching consensus about primary outcome measures for research in patients 
who have sustained an ankle sprain.
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INTRODUCTION
Nowadays, longitudinal research on musculoskeletal disorders often makes use of a 
single question to measure recovery.1-4 Consequently, an increased emphasis is placed 
on self-reported perceived recovery as an outcome measure. For the practicing clinician 
this question is also a fundamental one, because it provides the patient with relevant 
information about the eff ect of treatment, and guides decision-making regarding the 
next step.5
Lateral ligament injuries of the ankle are among the most common injuries of the 
human musculoskeletal system. In the USA and the UK there occur about 23,000 and 
5,000 ankle sprains, respectively, each day.6 In the Netherlands, about 600,000 people 
sustain an ankle injury each year.7 Recent data show that in the Netherlands (with about 
7,300,000 athletes) a total of 120,000 ankle sprains were registered in the period 2000-
2002 during sports, of which 43,000 injuries received medical treatment.8
A recent systematic review evaluated the clinical course of conventionally-treated 
acute ankle sprains and found that, at one-year follow-up, 5%-33% of the patients still 
experience pain and instability, that 34% of the patients report at least one re-sprain, 
and that 15%-64% report not to be fully recovered.9 Similar results were found in studies 
on the eff ectiveness of functional treatment in patients after acute lateral ankle sprains, 
reporting that 9%-41% of the patients is still not fully recovered at one-year follow-up.4, 10 
The large variation in recovery might be explained by the variation in the outcome mea-
sures used, such as pain, giving way, and functional scores on the one hand, and self-
reported recovery on the other. For example, after an acute lateral ankle sprain patients 
might experience no pain or functional disability during follow-up, whereas they may 
report not to be fully recovered, or vice versa.11 More insight into what recovery means 
to patients who have sustained a lateral ankle sprain, may lead to better understanding 
and promote the patient’s recovery process. In addition, this might enable to defi ne 
relevant outcome measures.
Therefore, this study aimed to fi nd explanatory variables for reporting recovery, by 
analyzing to what extent other outcomes (e.g. pain intensity, giving way, and Ankle 
Function Score) are associated with patients’ self-reported recovery, and how baseline 
scores of diff erent variables (e.g. patient characteristics, activity level) infl uence this as-
sociation after an acute lateral ankle sprain.
METHODS
This study was constructed within the framework of a randomised clinical trial on the 
eff ectiveness of supervised exercises in patients after an acute lateral ankle sprain.4 In 
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this trial patients who had an acute lateral ankle sprain and consulted general practice 
or the hospital emergency department were randomised to either conventional treat-
ment combined with supervised exercises, or to conventional treatment alone. Primary 
outcomes were occurrence of re-sprains and recovery, both of which were measured 
at baseline, at four and eight weeks, and at three and twelve months after initial injury, 
using questionnaires. The trial showed that at one-year follow-up additional supervised 
exercises do not lead to a reduction of re-sprains or improved recovery. Therefore, the 
current study was interpreted and analysed as a cohort study.
Participants
Patients with a lateral ankle sprain were eligible for the study when they were aged 
between 18 and 60 years and their fi rst visit to the physician was within one week of 
injury. Patients were excluded if they had a history of an injury of the same ankle during 
the previous two years, or when they had a fracture of the same ankle. After informed 
consent and after acquiring baseline information (self-reported questionnaire and clini-
cal fi ndings), each patient was randomised to either the conventional treatment group 
or the physical therapy group (conventional treatment plus supervised exercises).
Treatment
All participants received the same conventional treatment from their physician. Conven-
tional treatment included information about early ankle mobilisation, including advice 
for home exercises (for which they received written instructions) and early weight 
bearing. Patients in the physical therapy group participated, in addition, in an individual 
and progressive training program supervised by a physical therapist using a standard-
ized protocol of exercises. A detailed description of the treatment options is described 
elsewhere.4
Outcome measures
Questionnaires were completed at baseline, at four and eight weeks, and at three and 
twelve months follow-up. Outcome measures were recovery, pain intensity (at rest, dur-
ing walking, during running), giving way (during walking), and Ankle Function Score 
(AFS). Recovery was measured on 0-10 visual analogue scale (VAS) (with 0 representing 
no recovery; 10 representing full recovery), pain was measured on 0-10 VAS (with 0 rep-
resenting no pain; 10 representing intolerable pain), and giving way was measured on 
0-10 VAS (with 0 representing never feeling of giving way; 10 representing continuous 
feeling of giving way).
The AFS consists of fi ve categories: pain, instability, weight bearing, swelling, and gait 
pattern. In each category a number of points can be summed to a maximum overall 
score of 100 (indicating minimal severity).12
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Data analysis
Patient characteristics were described using descriptive statistics. To reduce bias and 
improve effi  ciency, missing values were multiple imputed.13 We generated ten imputed 
datasets using chained equations implemented in the R routine MICE14, since a total of 
18.4% of the data was missing. Percentages of missing data were: at baseline 9.5%, at 
four weeks 19.1%, at eight weeks 26.5%, at three months 15.3% and at twelve months 
25.0%. Missing data were due to loss to follow-up of fi ve patients (from four weeks), 
incomplete questionnaires, and questionnaires not received.
First, mean diff erences were calculated for the continuous outcome measures pain 
intensity, AFS, and giving way between baseline and the follow-up moments. Asso-
ciations between recovery and these mean diff erences were calculated using a general 
linear model for correlated data which is often seen as a type of mixed model. However 
no random coeffi  cients were used as the correlation matrix is modelled directly. Mean 
diff erences were used since these are relevant scores in relation to a relative score such 
as recovery, instead of absolute scores. Secondly, the infl uence of baseline variables on 
the association between recovery and the mean diff erences of the outcome measures 
were determined by adding an interaction term to the model. The results are presented 
as regression coeffi  cients (β) with 95% confi dence intervals (95% CI). All analyses were 
performed with the SPSS software package (version 15.0).
RESULTS
Study population
Tables 1 and 2 present the characteristics of the study population at baseline and at 
follow-up. Of the 102 patients who incurred an acute lateral ankle sprain, 64 (63%) con-
sulted a GP, and 38 (37%) contacted the emergency department. At baseline, 75 (74%) 
and 80 (78%) patients reported to endure ankle load during work and sports/hobby, 
respectively. For more details concerning the fl ow of participants we refer to the trial 
publication.4
Association between recovery and mean diff erences of outcomes
Table 3 presents the association between recovery at follow-up and mean diff erences 
(follow-up vs. baseline) of pain intensity, AFS, and giving way. Signifi cant associations 
were found (at almost all follow-up moments) between patients’ self- reported recovery 
and mean diff erences for pain during running on a fl at and a rough surface, with regres-
sion coeffi  cients ranging from -0.42 (95% CI -0.58 to -0.25) to -0.25 (95% CI -0.50 to -0.01).
The mean diff erences for giving way during walking on a rough surface were signifi -
cantly associated with self-reported recovery at eight weeks and three months follow-
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up: -0.26 (95% CI -0.50 to -0.02) and -0.25 (95% CI -0.47 to -0.03), respectively. Nearly no 
associations were found between recovery and the mean diff erences for pain at rest, 
pain during walking on a fl at surface, pain during walking on a rough surface, AFS, and 
Table 1 Baseline characteristics of the study population (n=102)
Characteristic Baseline
Age (yr), mean (SD) 37.0 (11.8)
BMI (kg/m2), mean (SD) 25.2 (4.0)
Gender, number (%)
• Female
• Male
43 (42)
59 (58)
Injury grade, number (%)
• I, mild
• II, moderate
• III, severe
• Unknown
43 (42)
41 (40)
4 (4)
14 (14)
Earlier injury, number (%)
• No earlier injury
• Earlier injury
• Unknown
51 (50)
44(43)
7 (7)
Setting, number (%)
• General practitioner
• Emergency department
64 (63)
38 (37)
Treatment, number (%)
• Conventional
• Physical therapy
53 (52)
49 (48)
Ankle load (work), number (%)
• No
• Yes
27 (26)
75 (74)
Ankle load (sport / hobby), number (%)
• No
• Yes
22 (22)
80 (78)
Table 2 Outcome measures at baseline, 4 weeks, 8weeks, 3 months, and 12 months follow-up
Characteristics Baseline 4 weeks 8 weeks 3 months 12 months
Pain (VAS 0-10), mean (SD)
• Rest
• Walking (fl at)
• Walking (rough)
• Running (fl at)
• Running (rough)
1.9 (2.0)
3.7 (2.8)
6.1 (2.7)
7.6 (2.7)
8.3 (2.2)
0.9 (1.6)
1.5 (2.1)
3.2 (2.7)
4.0 (3.3)
5.1 (3.4)
1.3 (2.5)
1.2 (2.3)
2.3 (2.8)
2.8 (3.0)
3.3 (3.2)
0.4 (1.1)
0.4 (1.2)
1.1 (1.7)
1.7 (2.4)
2.0 (2.7)
0.3 (1.0)
0.2 (0.7)
1.0 (2.1)
1.3 (2.6)
1.6 (2.8)
Giving way (VAS 0-10), mean (SD)
• Walking (fl at)
• Walking (rough)
2.7 (2.6)
5.0 (2.8)
1.2 (1.7)
3.0 (2.7)
1.1 (1.9)
2.4 (2.7)
0.6 (1.3)
1.6 (2.1)
0.5 (1.3)
1.4 (2.3)
Ankle Function Score (0-100), mean (SD) 39.4 (18.9) 65.8 (25.4) 75.8 (23.4) 83.0 (21.4) 87.3 (19.9)
Recovery (VAS 0-10), mean (SD) - 5.9 (2.7) 7.2 (2.2) 8.2 (2.2) 8.7 (2.1)
VAS = Visual analogue scale
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giving way during walking on a fl at surface. As an example, the association (with ac-
companying correlation coeffi  cient) between recovery and mean diff erences for pain 
at rest and during running on a rough surface are presented in, respectively, Figure 1 
and 2. Figure 1 shows a non- signifi cant association with a far from optimal correlation 
coeffi  cient (r = -0.17), whereas Figure 2 shows a signifi cant association with a moderate 
correlation coeffi  cient (r -0.60). These fi gures show that a better recovery score is ac-
companied by a decrease (negative mean diff erence) on the pain scores.
Infl uence of baseline variables on associations
Table 4 presents the interaction eff ect of baseline scores and patient characteristics on 
the association between recovery and the mean diff erence of outcomes at three months 
follow-up. Signifi cant interaction eff ects were found between pain during walking on a 
rough surface at baseline and the association between recovery and the mean diff er-
ence of pain during walking on a rough surface (0.05; 95% CI 0.00 to 0.09), and between 
pain during running on a rough surface and the association between recovery and the 
mean diff erence of pain during running on a rough surface (0.08; 95% CI 0.00 to 0.15). 
Table 3 Associations between recovery at follow-up and mean diff erences (follow-up vs. baseline) of 
pain intensity, ankle function score, and giving way. Associations are presented by means of a regression 
coeffi  cient (ß) with corresponding 95% confi dence interval
Follow-up
4 weeks 8 weeks 3 months 12 months
Pain vs. recovery
• at rest -0.05
(-0.63 ; 0.53)
-0.15
(-0.38 ; 0.09)
-0.18
(-0.40 ; 0.04)
-0.13
(-0.40 ; 0.14)
• walking fl at -0.21
(-0.65 ; 0.23)
-0.20
(-0.51 ; 0.11)
-0.29
(-0.63 ; 0.05)
-0.20
(-0.58 ; 0.18)
• walking rough -0.20
(-0.44 ; 0.05)
-0.21
(-0.45 ; 0.03)
-0.33
(-0.51 ; -0.15)
-0.28
(-0.58 ; 0.22)
• running fl at -0.31
(-0.57 ; -0.05)
-0.25
(-0.50 ; -0.01)
-0.42
(-0.58 ; -0.25)
-0.23
(-0.68 ; 0.22)
• running rough -0.25
(-0.45 ; -0.04)
-0.24
(-0.40 ; -0.08)
-0.38
(-0.55 ; -0.20)
-0.24
(-0.57 ; 0.10)
AFS vs. recovery 0.03
(-0.01 ; 0.07)
0.03
(-0.01 ; 0.08)
0.04
(-0.01 ; 0.10)
0.05
(0.02 ; 0.08)
Giving way vs. recovery
• walking fl at -0.05
(-0.35 ; 0.24)
-0.15
(-0.39 ; 0.08)
-0.12
(-0.31 ; 0.08)
-0.12
(-0.37 ; 0.12)
• walking rough -0.23
(-0.50 ; 0.05)
-0.26
(-0.50 ; -0.02)
-0.25
(-0.47 ; -0.03)
-0.27
(-0.63 ; 0.09)
AFS = ankle function score
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Figure 1 Association between recovery (3 months follow-up) and the mean diff erence of pain at rest 
(3 months vs. baseline). Every dot represent one patient with his/her recovery score (x axis) and his/her 
corresponding mean diff erence of pain at rest (y axis)
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Figure 2 Association between recovery (3 months follow-up) and the mean diff erence of pain during 
running at a rough surface (3 months vs. baseline). Every dot represent one patient with his/her recovery 
score (x axis) and his/her corresponding mean diff erence of pain at rest (y axis)
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No signifi cant interaction eff ect was found between baseline scores and associations 
between recovery and mean diff erences at one year follow-up.
DISCUSSION
This study shows signifi cant associations between patients’ self-reported recovery and 
the mean diff erences of pain during running on a fl at and a rough surface (at four weeks, 
eight weeks, three months), and mean diff erence of giving way during walking on a 
rough surface (at eight weeks, three months). At three months, the baseline scores of 
pain during walking and running on a rough surface increased the associations between 
recovery and, respectively, the mean diff erence of pain during walking on a rough sur-
face, and mean diff erence of pain during running on a rough surface.
The signifi cant associations between self-reported recovery and the mean diff erences 
were mainly found at on short-term follow-up and during activities that demand high 
ankle loads, e.g. walking on a rough surface, and running. These outcome measures, 
which are more related to activities of daily living, seems to be better explanatory vari-
ables for recovery than the outcomes measured during activities demanding low ankle 
loads. For that reason, it is plausible that the use of outcomes measured during activities 
with high ankle loads makes it easier to measure, and to generalise recovery in patients 
who have sustained an ankle sprain. Consequently, this result makes them the outcome 
measures of choice for future research in this specifi c population.
In addition, low baseline scores will generally result in small mean diff erences and, 
therefore, will contribute less to the extent patients report to be recovered or not, which 
is the case with outcomes measured during activities with low ankle loads. This assump-
tion is supported by our fi ndings of the infl uence of baseline scores on the associations 
between recovery and the mean diff erences of the diff erent outcomes. Therefore, it is 
of interest to determine the required magnitude of these mean diff erences on which 
patients report to be recovered or not.
No associations between recovery and mean diff erences were found at one year 
follow-up, and the infl uence of baseline scores on these associations was not signifi cant. 
This might be due to the long recall period over which recovery is measured. Another 
explanation is that it might be attributable to the occurrence of a re-sprain during 
follow-up. However, no eff ect was found of the occurrence of a re-sprain, within three 
months of the initial injury, on the diff erent associations between recovery and mean 
diff erences during follow-up. In this respect, it might be reasoned that recovery is not 
only refl ected in changes in the state of the disorder but also in an adjustment of life to 
work around the disorder (re-adjustment), or an adaptation to living with the disorder 
(re-defi nition).5 Similar to the absence of studies evaluating the meaning of recovery in 
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patients after an acute lateral ankle sprain, studies on recovery related to other physical 
conditions are also limited. For example, in patients with low back pain the meaning of 
recovery is highly individualized, as determined by assessment of the impact of symp-
toms on the ability to perform meaningful daily activities, as well as on social factors and 
factors related to physical and psychological health.15 In line with these fi ndings is the 
study by Williams et al. in which low back patients said that, for them, recovery meant 
‘getting back to the way I was before injury’.16
One limitation of the present study is that our questionnaire did not include questions 
concerning readjustment, redefi nition and possible hindrance due to injury. Moreover, 
we do not have information about time to return to pre-injury activity level, time to 
return to sport, or time to return to work. These latter outcomes refl ect the demands and 
activity level of the patients and it would be worthwhile to see whether or not these are 
associated with recovery. Also, because the data were obtained at fi xed time points, we 
were unable to establish the exact date when patient’s changed from ‘non-recovered’ 
to ‘recovered’. Finally, we used a 0-10 VAS to measure recovery instead of the frequently 
used 4, 6 or 7-point Likert scales. Despite that these dichotomized scales make it easier 
to establish ‘recovered’ patients, we used a continuous scale which resulted in less loss 
of information.
In conclusion, this study is the fi rst to fi nd explanatory variables for reporting recovery 
in adults after an acute lateral ankle sprain. An association was found between the mean 
diff erences of pain intensity and giving way during high ankle load activities and recov-
ery at short-term follow-up. This means that it is not useful to measure pain and giving 
way during low ankle load activities, and that pain intensity and giving way during high 
load ankle activities should probably be the primary outcome measures of interest. 
However, more research is needed to gain more insight into the underlying meaning of 
recovery in patients after an acute lateral ankle sprain; for example, by means of qualita-
tive research. Finally, the present study also reveals a need to reach consensus about 
primary outcome measures for research in patients who have sustained an acute lateral 
ankle sprain.
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ABSTRACT
During the fi rst two months after an acute lateral ankle sprain there is a rapid decrease in 
pain, after which it continues to improve more slowly. The factors predicting persistent 
complaints from ankle sprains are largely unknown.
Therefore, the objective of this study is to evaluate prognostic factors for incomplete 
recovery, instability, pain intensity and re-sprains during one year follow-up in patients 
who consulted primary care for acute ankle sprains.
A total of 102 patients consulting their general practitioner or a fi rst aid department 
for an acute ankle sprain were included in this prospective study. Possible prognostic 
factors were assessed at baseline and at three months follow-up. Outcome measures 
assessed at one year follow-up were self-reported recovery, re-sprains, instability and 
pain intensity.
At three months follow-up 65% of the patients reported instability and 23% reported 
one or more re-sprains. At one year follow-up, 27.5% still reported instability and more 
than 50% regarded themselves as not completely recovered. At three months follow-up, 
for the non-recovered patients no prognostic factors from the physical examination were 
identifi ed. However, re-sprains and self-reported pain at rest at three months follow-up 
were related to incomplete recovery at one year for the non-recovered patients at three 
months follow-up.
We concluded that a physical examination at three months follow-up for the non-
recovered patients with an ankle sprain seems to have no additional value for predicting 
outcome at one year follow-up. However, self-reported pain at rest and re-sprains during 
the three months follow-up seem to have a prognostic value for recovery at one year 
follow-up.
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INTRODUCTION
In the Netherlands an estimated 600,000 people sustain ankle injuries each year, an 
incidence of 12.8 per 1000 patients per year. About 50% of these people visit a general 
practitioner (GP) or, on their own initiative, a hospital emergency department.1 In the 
USA, more than 23,000 people per day, including athletes and non-athletes, require 
medical care for ankle sprains.2
Several studies have investigated pain intensity during one year follow-up of patients 
with acute ankle sprains. During the fi rst two months there is a rapid decrease in pain, 
after which it continues to improve more slowly. A recent systematic review showed 
that the proportion of patients who reported to experience pain at one year follow-up 
or later ranges from 16% to 33%.3
So far, there is no clear evidence that interventions such as (supervised) exercise will 
lead to benefi ts related to the occurrence of re-sprains, subjective recovery, instability 
or pain intensity.4-7 In order to evaluate the eff ectiveness of therapeutic interventions 
and to guide management decisions, clear insight on the course of recovery after ankle 
sprain is needed. This information is helpful to inform patients about the expected 
clinical course, and to identify relevant subgroups of patients with a better or worse 
prognosis.
The factors predicting persistent complaints from ankle sprains are largely unknown.3 
Until now, only one study has evaluated prognostic factors for incomplete recovery and 
re-sprains. Sport activity at a high level was found to be a prognostic factor for residual 
symptoms.8 However, that study showed methodological shortcomings, and the full 
range and impact of residual complaints was not investigated.8-11
Therefore, the fi rst objective of the present prospective study was to evaluate baseline 
prognostic factors for incomplete recovery, re-sprains, instability and pain intensity 
during one year follow-up in adult patients who consulted primary care for an acute 
lateral ankle sprain. Because of the clinical course of ankle sprains, outcomes and factors 
at short-term follow-up could have a predictive value for the long-term outcome in a 
subgroup of non-recovered patients. Therefore, the second objective of this study was 
to analyse possible prognostic factors for the non-recovered patients at three months 
follow-up for the outcome at one year follow-up.
MATERIALS AND METHODS
Patient selection
The data used for this study were derived from a randomised clinical trial (RCT) investi-
gating the eff ectiveness of supervised exercises in primary care.7 Patients who had an 
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acute injury of the lateral collateral ligaments of the ankle and who presented them-
selves to one of the 32 participating GPs, or at the emergency department of the local 
hospital in the same district, between March 2002 and December 2003 were considered 
for inclusion. Patients with a lateral ankle sprain were eligible for this study if they were 
aged between 18 and 60 years and their fi rst visit to the physician was within one week 
of the injury. Patients were excluded if they had a history of an injury of the same ankle 
during the previous two years, or when they had ever had a fracture of the same ankle.
The fi rst-aid physician or GP carried out a standardised clinical examination, which 
was especially developed and conducted for the present study. Occurrence of swelling, 
haematoma, location of the sprain, and anterior drawer sign were reported. In addition, 
the physician estimated the severity of the injury. Based on clinical fi ndings (stability, 
intensity and location of swelling, pain and haemorrhage), the injuries were graded 
from I to III (grade I mild, grade II moderate, and grade III severe).12
After acquiring baseline information, each patient was randomised to either the usual 
care group or the physical therapy group. In both groups, the total 102 participating 
subjects received the same standard treatment from their physician. This included 
general information about early ankle mobilisation, including advice for home exercises 
and early weight bearing (if necessary, based on the physician’s experience, protected 
by a tape, bandage, or brace). Subjects were encouraged to start these activities as early 
as possible and to gradually increase their activity level. Patients in the physical therapy 
group participated, in addition, in an individual and progressive training program super-
vised by a physical therapist using a standardised protocol.
For the present study, the data of the RCT are analysed as a cohort study because 
the study results showed no diff erences between the usual care group and the physical 
therapy group.7 Nevertheless, in the present study the interventions were also consid-
ered to be potential prognostic factors.
The Medical Ethics committee of the Erasmus MC Rotterdam approved the protocol, 
and all participants provided written informed consent.
Data collection
All participants were asked to complete a baseline questionnaire with questions on po-
tential prognostic factors. At baseline, the following prognostic factors were taken into 
consideration to evaluate recovery, the occurrence of re-sprains, instability, and pain 
during walking at one year follow-up: 1) demographic factors, i.e. age, gender and body 
mass index (BMI), 2) clinical factors, e.g. setting, baseline intervention, injury grade, self-
reported swelling and Ankle Function Score (AFS)11, and 3) ankle load factors, e.g. ankle 
load during work and during hobby/sports (‘Are your working/sport tasks aggravating 
for your ankle?’ answered by ‘no’ (score=0) or ‘yes’ (light/heavy score=1)).
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Potential prognostic factors in the group of non-recovered patients at three months 
follow-up were demographic factors (age, gender, BMI), clinical factors (setting, inter-
vention at baseline), and outcome measures at three months follow-up (pain at rest, 
walking, running, re-sprains, AFS, and recovery).
Subjective recovery was measured on an 11-point numerical rating scale (range 0-10; 
where 0 represents no recovery and 10 full recovery).
Instability was measured with six questions about instability and a feeling of giving 
way, and included the following items: 1) the degree of a feeling of giving way dur-
ing walking on a fl at underground, 2) walking on uneven underground, 3) hill walking 
ascending, 4) hill walking descending, 5) sport activities (all rated on an 11-point scale 
ranging from 0-10), and 6) instability (rated on a 6-point scale ranging from ‘never a 
feeling of giving way’ to ‘a feeling of giving way with every step’). Thereafter, stability 
was dichotomised into ‘feeling of instability’ (at least one of the answers positive) or ‘no 
feeling of instability’ (negative answers on all the questions).
Pain intensity was measured on an 11-point numerical rating scale (range 0-10, where 
0 represents no pain and 10 unbearable pain).
The AFS consists of fi ve categories: pain, instability, weight bearing, swelling, and gait 
pattern. In each category, the points can be summed to a maximum overall score of 100 
(indicating minimal severity).11
One assessor, blinded for the intervention, conducted a standardized physical ex-
amination procedure at three months follow-up. This examination included pressure 
thresholds (tenderness of palpation: yes or no) of the ventral, distal and dorsal malleoli 
lateralis, an active range of motion (ROM) test and a passive stability test. These possible 
prognostic factors were taken into consideration for a subgroup analysis of the non-
recovered patients at three months follow-up for the outcome at one year follow-up. The 
cut-off  value for non-recovery was a score of 9 or lower on the 0-10 point scale, where 
10 is full recovery.
The outcome measures of the study, assessed at one year, were recovery, the occur-
rence of re-sprains, subjective instability and pain intensity.
Statistical analysis
To reduce bias and improve effi  ciency, missing values were multiple imputed. We 
generated ten imputed datasets using chained equations implemented in the R routine 
MICE.13 Linear (outcomes recovery, pain and ankle function) and logistic regression 
models (outcomes instability and re-sprains) were constructed for the total population 
using the potential prognostic factors from baseline, and separately for the non-recov-
ered subjects at three months follow-up using the prognostic factors from the physical 
examination and the questionnaire completed at three months. For analyses of the 
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physical examination, only data of the subjects who underwent a physical examination 
at three months follow-up were included in the analyses.
First, a univariate model was constructed for each of the prognostic factors separately. 
Second, factors with a p-value ≤ 0.15 on the Wald test in univariate models were entered 
into a backward multivariate selection model. The variables with the highest p-value 
were removed one-by-one (Wald test), until all the remaining variables had a p-value 
< 0.10.Linear regression models were constructed for the potential prognostic factors 
at baseline and three months follow-up for the outcome measures recovery and pain 
during running. Logistic regression models were constructed for the use of baseline and 
three months variables for the outcome measures instability and re-sprains.
The results of the linear regression are presented as betas (β) with 95% confi dence 
intervals (95%CI) and the results of the logistic regression are presented as odds ratios 
(OR) with 95% CI. All analyses were corrected for baseline values, and were performed 
with the SPSS software package (version 15.0, 2006).
RESULTS
Study population
Table 1 presents the patient characteristics and potential prognostic factors of the study 
population at baseline. Of the 102 patients, 64 (62.7%) contacted a GP and 38 (37.3%) a 
fi rst aid physician. A total of 49 (48%) patients visited a physical therapist in addition to 
usual care, and 53 (52%) patients received usual care only. Nine of these patients were 
lost at the three months and one year follow-up periods. These nine patients did not 
diff er signifi cantly from patients who completed the one year study period regarding 
their injury grade, re-injuries and subjective recovery at the earlier follow-up moments.
Outcomes
Table 2 presents data on recovery, re-sprains, instability and pain intensity at baseline, 
three months and one decreased to about 50% at one year. In total 23.5% of the patients 
reported at least one re-injury during the fi rst three months compared with 28.4% dur-
ing the one year follow-up. At one year, 27.5% of the patients still reported a feeling 
of instability. About 15% of all patients experienced pain during rest at three months 
follow-up, decreasing to 9.8% at one year. After one year, 7.8% of the patients still expe-
rienced pain during walking, while 21.6% still experienced some pain during running at 
one year follow-up.
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Prognostic factors from baseline questionnaire
The AFS (β 0.024; 95%CI -0.01; 0.05) was univariately associated with recovery at one 
year follow-up, but did not reach signifi cance (Table 3). The setting (emergency depart-
ment) was univariately associated with both subjective instability and pain during run-
ning at one year follow-up; OR 2.05 and β 1.16; respectively. However, in both analyses, 
signifi cance level was not reached. The occurrence of re-sprains at one year follow-up 
was univariately not associated with any of the ten possible prognostic factors.
Table 1 Baseline characteristics and potential prognostic factors (n = 102)
Characteristic Number of patients (%)
Age (yr)
• < 35
• ≥ 35
53 (52%)
49 (48%)
Gender
• Female
• Male
43 (42.2%)
59 (57.8%)
Injury grade
• I
• II or III
• Unknown
43 (42.2%)
45 (44.1%)
14 (13.7%)
Body Mass Index
• < 25 kg/m2
• ≥ 25 kg/m2
• Unknown
50 (49.0%)
42 (41.2%)
10 (9.8%)
Treatment
• Usual care
• Physical therapy
53 (52.0%)
49 (48.0%)
Setting
• General practitioner
• Emergency department
64 (62.7%)
38 (37.3%)
Earlier injury (>2 yrs ago)
• No earlier injury
• Earlier injury
• Unknown
51 (50.0%)
44 (43.1%)
7 (6.9%)
Ankle load during work
• No or light
• Heavy
• Unknown
65 (63.7%)
31 (30.4%)
6 (5.9%)
Ankle load during sports or hobby
• No or light
• Heavy
• Unknown
47 (46.1%)
47 (46.1%)
8 (7.8%)
Self-reported swelling
• No to light
• Moderate to severe
• Unknown
30 (29.4%)
65 (63.7%)
7 (6.9%)
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Prognostic factors in non-recovered patients at 3-months follow-up
A total of 75 patients (73.5%) regarded themselves as not being recovered at three 
months follow-up. Seven of the potential prognostic factors were univariately associated 
with the outcome recovery at one year. The fi nal model (Table 4) included the variables 
Table 2 Outcomes at 3 and 12 months follow-up of the 102 patients with acute ankle sprain
Outcome Baseline 3 months 12 months
n(%) n(%) n(%)
Re-sprains (yes/no) - 24 (23.5%) 29 (28.4%)
Subjective instability (yes/no) 91 (89.2%) 66 (64.7%) 56 (27.5%)
Mean (SD) Mean (SD) Mean (SD)
Recovery (0-10) - 8.33 (2.00) 8.93 (1.81)
Pain at rest (0-10) 1.92 (1.96) 0.35 (1.06) 0.26 (0.79)
Pain during walking (0-10) 3.67 (2.84) 0.37 (1.11) 0.23 (0.78)
Pain during running (0-10) 7.63 (2.60) 1.61 (2.29) 0.88 (1.68)
Table 3 Univariate regression analyses for subjective recovery, reported instability, resprain and pain 
during running after 12 months, β(Beta) or OR with 95% Confi dence Intervals (95%CI)
Baseline variable
Subjective 
recovery
(β, 95%CI)
Instability
(OR, 95%CI)
Resprain
(OR, 95%CI)
Pain during 
running
(β, 95%CI)
Age
-0.01
(-0.05 ; 0.04)
1.00
(0.97 ; 1.04)
0.98
(0.94 ; 1.01)
0.02
(-0.04 ; 0.08)
Gender
-0.00
(-1.03 ; 1.03)
0.80
(0.36 ; 1.75)
1.11
(0.44 ; 2.80)
-0.06
(-1.46 ; 1.35)
BMI
-0.00
(-0.11 ; 0.11)
1.03
(0.92 ; 1.14)
0.95
(0.84 ; 1.08)
0.03
(-0.21 ; 0.28)
Randomisation
0.08
(-0.82 ; 0.97)
1.15
(0.53 ; 2.51)
0.89
(0.33 ; 2.36)
0.06
(-1.20 ; 1.32)
Setting
-0.97
(-4.06 ; 2.12)
2.05*
(0.89 ; 4.71)
1.77
(0.73 ; 4.31)
1.16*
(-0.30 ; 2.62)
Injury grade
-0.04
(-1.04 ; 0.97)
0.79
(0.38 ; 1.63
0.80
(0.31 ; 2.10)
0.34
(-1.03 ; 1.72)
Swelling
-0.35
(-2.32 ; 1.62)
2.14
(0.48 ; 9.58)
0.80
(0.13 ; 5.00)
0.04
(-2.89 ; 2.98)
Function score
0.02*
(-0.01 ; 0.05)
0.98
(0.95 ; 1.01)
0.98
(0.96 ; 1.01)
-0.02
(-0.05 ; 0.02)
Workload
0.15
(-0.99 ; 1.30)
1.49
(0.60 ; 3.78)
1.23
(0.43 ; 3.56)
0.13
(-1.61 ; 1.88)
Sport load
-0.27
(-1.34 ; 0.80)
1.25
(0.48 ; 3.25)
0.94
(0.30 ; 2.92)
0.24
( -1.24 ; 1.72)
Pain during walking
-0.13
(-0.38 ; 0.12)
1.12
(0.91 ; 1.38)
0.57
(0.22 ; 1.51)
0.18
(-0.20 ; 0.56)
CI = Confi dent interval; * = p < 0.15; BMI = Body mass index
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having re-sprains during three months follow-up (β -1.64; 95%CI -3.11; -0.16) and having 
pain at rest at three months follow-up (β -0.69; 95%CI -1.08; -0.29). Subjective instability 
at one year follow-up was univariately associated with four potential prognostic factors 
(pain during running, AFS, recovery, and instability at three months follow-up). After 
backward selection, the fi nal multivariate model included pain during running [OR 1.48 
(95%CI 0.99; 2.23)] and instability [OR 6.89 (95%CI 0.30; 159.17)] at three months follow-
up. However, these factors did not reach signifi cance.
Pain during running at one year follow-up was univariately associated with four poten-
tial prognostic factors (setting, pain during running, AFS, and recovery at three months 
follow-up). The AFS at three months follow-up [β -0.05 (95%CI -0.09; -0.01)] and setting 
[β 1.11 (95%CI -0.53; 2.76)] were included in the fi nal multivariate model; however, only 
the AFS was signifi cantly associated with pain during running at one year follow-up [β 
-0.05 (95%CI -0.09; -0.01)].
Of the 75 patients who were not fully recovered at three months follow-up, 63 (84%) 
underwent the physical examination at three months follow-up. The patients who did 
not show up at the physical examination were on average younger (36.5 vs 34.8), had 
a higher BMI (25.5 vs. 26.5) and were more often treated with physical therapy (40% 
vs 70%). There was no univariate association with one of the fi ve possible prognostic 
factors from the physical examination at three months follow-up for subjective recovery 
at one year follow-up. Pain during running and the occurrence of re-sprains were both 
univariately associated with the pressure threshold of the ventral malleoli lateralis. The 
univariate association for both outcomes was, however, not signifi cant: [β 0.75 (95%CI 
0.21;1.30)] and [β 0.54 (95%CI -0.09; 1.16)], respectively.
Finally, reported instability at one year follow-up was univariately associated with the 
pressure thresholds of the ventral, distal and dorsal malleoli lateralis. The fi nal multivari-
ate model included the pressure thresholds of the ventral [OR 2.03 (95% 0.99; 4.15)] and 
dorsal malleoli lateralis [4.26 (95%CI 1.14; 15.96)]; only the association with the dorsal 
malleoli lateralis was signifi cant (p=.035).
DISCUSSION
In the present study, 51% of the patients with a lateral ankle sprain were not fully re-
covered at one year follow-up. The regression analyses of possible prognostic factors 
at baseline for persistent complaints showed that there is no strong predictor for the 
outcome at one year follow-up.
The second analyses for the prognosis in the subgroup of non-recovered patients at 
three months follow-up, showed that factors from the three month questionnaire can 
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better predict the outcome compared to the factors from the physical examination at 
three months.
At one year, 28.4% of the patients reported at least one re-injury, which is in line with 
earlier studies reporting that 29% 14 and 54% 15 of the subjects receiving usual care 
sustained a re-injury at approximately twelve months follow-up. In our study, 49% of the 
patients were regarded as recovered at one year. This is comparable with the outcome of 
a recent systematic review showing that 36%-85% of the patients reported full recovery 
at two weeks to 36.2 months follow-up after ankle sprain injuries.3
Several studies have investigated pain after a lateral ankle sprain.16-18 The proportion 
of patients experiencing pain after at least one year ranged from 5-33%.3 Our study 
results are similar to these fi ndings, but only 7.8% of our patients reported pain during 
walking while 21.6% still experienced some pain during running at one year follow-up.
We found no prognostic factors at baseline for the prediction of outcome at one 
year follow-up. None of the possible prognostic factors were univariately associated 
with one of the primary or secondary outcome measures. The fact that we did not fi nd 
any signifi cant association could be related to the small number of subjects included 
in the analyses. Further, other prognostic factors, not included in our analyses, might 
predict the outcome at one year follow-up. To our knowledge, the study of Linde et al. 
is the only one evaluating prognostic factors for incomplete recovery and re-sprains.8 
In their study, sports activity at a high level (training ≥3 times a week) was a signifi cant 
prognostic factor for residual symptoms compared with sports activity at a low level 
(training <3 times a week), and no sports activity. Unfortunately, our questionnaire did 
not include detailed questions about sports activities of the patients. Although we did 
ask subjects if the ankle was loaded during sport activities, this factor does not appear 
to have a positive or negative infl uence on recovery, re-sprains, or pain of the subjects.
Because there might be factors during the one year follow-up that can predict the 
outcome at one year, we analyzed the three monthly data with respect to subjective 
and objective prognostic factors. These analyses showed that a low AFS at three months 
predicts a high score on pain during running at one year follow-up. Further, a positive 
association was found between re-sprains during three months follow-up and subjec-
tive recovery at one year. About 24% of the patients had a re-sprain during the fi rst 
three months of follow-up. Of these, 37% regarded themselves as being recovered at 
one year. Additionally, only 30% of the subjects with a re-sprain during one year follow-
up regarded themselves as recovered at one year follow-up. Therefore, it seems that the 
occurrence of a re-sprain predicts the subjective feeling of recovery. Because of this, 
we tested the association between re-sprains occurring between months three and 
twelve, and recovery at one year follow-up, in both the total study population and for 
the non-recovered patients at three months follow-up. These analyses showed a strong 
signifi cant association between re-sprains and recovery [β -3.12 (95%CI -4.86; -1.37) and 
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β -2.97 (95%CI -4.43; -1.51), respectively]. Therefore, studies focusing on the prevention 
of re-sprains after an ankle sprain might interfere with this relationship and might have 
a positive eff ect on subjective recovery of ankle sprain patients.19
The physical examination at three months follow-up does not appear to have an ad-
ditional value in the prediction of recovery at one year. Only one factor from the physical 
examination at three months follow-up appeared to predict the outcome at one year 
follow-up, i.e. the pressure threshold on the dorsal malleoli lateralis is positively associ-
ated with subjective instability of the ankle at one year. The fact that we hardly found an 
association with any of the factors from the physical examination could be related to the 
small number of patients included in the analysis. Moreover, because in-depth data on 
the physical examination were lacking, we could only include fi ve possible prognostic 
factors in the analyses. However, from the available data, we conclude that the physical 
examination performed at three months follow-up does not off er any additional value 
on the prediction of the outcome at one year follow-up.
Limitations
Our sample of patients was studied prospectively and can be considered as a cohort of 
patients with acute ankle sprains in which the interventions were regarded as potential 
prognostic factors. The interventions studied in the RCT were strictly protocolised, 
which resulted in less treatment heterogeneity than in most other population-based 
cohort studies. Physical therapy treatment was considered to be a prognostic factor, but 
no signifi cant treatment eff ect was found.7
Because the data used in this study were derived from an RCT investigating the ef-
fectiveness of supervised exercise in primary care, some selection bias of patients might 
have occurred. Also, a selection bias might have occurred in the patient group who 
underwent the physical examination compared to the total study population.
The severity of the injury was dichotomised into grade I versus grade II, III. This dichot-
omisation was made because only four of the 102 patients who presented themselves 
to the GP (n=2) or emergency department (n=2) had a grade III ankle sprain. However, 
the same results were derived in the analyses when excluding the patients with injury 
grade III.
Both the possible prognostic factors from the baseline questionnaire and the out-
comes are self-reported and, therefore, subjective. However, since there are no validated 
objective outcome measures available for patients with an acute lateral ankle sprain, the 
use of validated subjective outcome measures seems appropriate. Nevertheless, some 
factors and outcomes may not be completely reliable because of their subjective nature.
Finally, this study evaluates the possible association of prognostic factors from the 
baseline questionnaire, the three month questionnaire and physical examination with 
recovery, re-sprains, instability and pain intensity. Because of the relatively small number 
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of subjects included in this RCT we could not evaluate more (possibly prognostic) fac-
tors. In addition, because this study was not primarily designed to evaluate prognostic 
factors, we could have missed some factors (e.g. sports participation) that might be as-
sociated with poor recovery. The fi nal model could have been over-fi tted because of the 
number of subjects in our three month analyses, and the number of possible prognostic 
factors included in the model.
Implications for practice
This study shows that re-sprains sustained during the fi rst three months after the initial 
sprain, and pain at rest at three months follow-up, are related to incomplete recovery af-
ter one year. Additional data from Linde et al.8 show that sports activity at high level is a 
prognostic factor for residual symptoms compared to sports activity at low level and no 
sport. A GP or physical therapist should take these factors into account when advising a 
patient about treatment options and possible preventive measures. More active people 
can be advised to support their ankle with semi-rigid braces during high-risk activities 
or to perform proprioceptive training, as there is evidence that this can prevent sprains, 
especially in patients with previous ankle sprains.19, 20
In conclusion, our predictive model has very few implications for clinical practice. Of 
the patients reporting persistent complaints at three months follow-up, 51% still report 
persistent complaints at one year follow-up. Unfortunately, we did not fi nd any clear 
predictive factors from the three month evaluation for the outcome at one year follow-
up. Only re-sprains can predict a negative recovery outcome at one year follow-up. 
Therefore, we have to conclude that more research is needed to evaluate prognostic 
factors for poor recovery, re-sprains and residual pain. The prognosis might be improved 
by use of additional diagnostic tests, such as MRI and X-ray. A large cohort study may be 
helpful to identify patients at risk and to evaluate the consequences of these persistent 
complaints.
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ABSTRACT
The eff ectiveness of supervised exercises as supplied by a physical therapist is uncertain. 
Therefore, the objective of this study is to summarise the available evidence for the ef-
fectiveness of supervised exercises in addition to conventional treatment, compared 
with conventional treatment alone, in patients with an acute lateral ankle sprain.
A database search was conducted using Medline, Embase, the Cochrane Central Regis-
ter of Controlled Trials, and Cinahl. Besides, references of relevant articles were screened.
Studies were selected when: the design was a randomised clinical trial (RCT), a 
quasi-RCT, or a controlled clinical trial; patients were adolescents or adults with an acute 
lateral ankle sprain; one of the treatment options consisted of conventional treatment; 
or one of the treatment options consisted of conventional treatment combined with 
supervised exercises. Two reviewers independently assessed the risk of bias, and one 
reviewer extracted data. Due to clinical heterogeneity the data were analysed using a 
best-evidence synthesis.
A total of eleven studies were included. There is limited to moderate evidence to 
suggest that the addition of supervised exercises to conventional treatment leads to a 
faster and better recovery, and a faster return to sports at short-term follow-up, when 
compared to conventional treatment alone. In a specifi c population (athletes, soldiers 
and patients with severe injuries) this evidence was restricted to a faster return to work 
and sports only.
In conclusion, there is moderate or limited evidence for eff ectiveness in favour of 
additional supervised exercises compared to conventional treatment alone, according 
to the outcome measures recovery and return to sports at short-term follow-up. For 
none of the outcome measures strong evidence was found for eff ectiveness. In a more 
specifi c population, limited to moderate evidence for eff ectiveness was found. Most of 
the eleven studies had a high risk of bias and few had adequate statistical power to de-
tect clinically relevant diff erences. These results suggest that further high-quality RCTs 
should be conducted to determine the eff ectiveness of additional supervised treatment, 
especially in specifi c populations such as athletes and patients with severe injuries.
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INTRODUCTION
Lateral ligament ankle sprains are one of the most commonly encountered musculosk-
eletal injuries.1 It is reported that up to 23,000 and 5000 acute lateral ligament injuries 
occur daily in the USA and the UK, respectively.1, 2 In the Netherlands about 600,000 
people sustain an ankle injury each year, of which about 120,000 are the result of sport-
ing injuries; of these, it is estimated that about 43,000 people present for medical care.3, 4 
General practitioners (GPs) in the Netherlands see around 125,000 patients with an ankle 
sprain each year, with an incidence of eight per thousand patients per year.5 A recent 
systematic review evaluated the clinical course of conventionally treated acute ankle 
sprains and found that at one year follow-up 5-33% of the patients still experienced pain 
and instability, that 34% of the patients reported at least one re-sprain, and that 15-64% 
reported that they had not recovered fully from their initial injury.6 Despite the high 
incidence of acute ankle sprains and their associated burden to society, and considering 
the (often) poor clinical course, optimal treatment and rehabilitation for these injuries 
has yet to be established.
There are indications that balance training and coordination exercises as part of a 
formal rehabilitation protocol reduce proprioceptive defi cits, symptoms of giving way 
and risk of re-injury, and improve postural control.7-9 In addition, it is reported that: I) 
functional treatment of the ankle (defi ned as the use of an elastic bandage, tape, lace-
up ankle support, or semi-rigid ankle support) results in a quicker return to sports and 
work compared to immobilisation, II) there is no evidence that surgery is better than 
functional treatment or immobilization, and III) a semi-rigid ankle support is preferable 
to the use of an elastic bandage or tape.10-12
Protection of the ankle by means of functional treatment is needed to avoid stress to 
the scar tissue in the infl ammatory phase of tissue healing. In the subsequent prolifera-
tive and maturation phases, the emphasis is on the alignment and strengthening of the 
newly-formed collagen fi bres.13 Physical therapists use this knowledge on tissue healing 
to construct an exercise program for patients with an acute ankle sprain.14 However, the 
eff ectiveness of supervised exercises as administered by a physical therapist remains 
uncertain.
Therefore, the aim of this systematic review is to compare the eff ectiveness of conven-
tional treatment (non-surgical treatment: i.e. immobilization, non-supervised treatment 
involving exercise instructions or use of external support) combined with supervised 
exercises, with conventional treatment alone, for the rehabilitation of acute lateral ankle 
sprains. Since the eff ectiveness can diff er between populations15, 16 and may depend on 
the type of conventional treatment used, or on the severity of the injury, or on the ex-
posure to activities sustainable for a high-risk of (re-)sprains, we also evaluate the added 
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value of supervised exercises in specifi c populations, as well as the type of conventional 
treatment.
METHODS
Literature search
As a starting point for our review, we identifi ed all included references of an earlier 
review by our group (Van Os et al.17 which covered the same topic as the present review) 
who used a literature search up to March 2004. Their material was supplemented with a 
literature search in electronic databases (Medline, Embase, Cochrane Central Register of 
Controlled Trials, and Cinahl) covering the period from March 2004 through July 2010, 
using the same search strategy as reported by van Os et al. (Table 1).17
Two reviewers (RMvR and PAJL) independently selected the articles, initially based on 
title and abstract. For fi nal inclusion the articles had to fulfi l all of the following criteria: 
1) the adolescent and adult subjects in the study had to have an acute lateral ankle 
sprain, 2) at least one of the treatment options consisted of a conventional treatment 
(defi ned as either immobilization, such as in a plaster cast, non-supervised treatment 
involving exercise instructions or use of external support), 3) at least one of the treat-
ment options consisted of conventional treatment combined with supervised exercises, 
4) the study design had to be either an RCT or a quasi RCT, or a controlled clinical trial. 
Table 1 Search strategy used for the present study
Studies ((randomized controlled trial [pt] OR controlled clinical trial [pt] OR randomized 
controlled trials [mh] OR random allocation [mh] OR double-blind method [mh] 
OR single-blind method [mh] OR clinical trial [pt] OR clinical trials [mh] OR (“clinical 
trial” [tw]) OR ((singl* [tw] OR doubl* [tw] OR trebl* [tw] OR tripl* [tw]) AND (mask* 
[tw] OR blind* [tw])) OR (“latin square” [tw]) OR placebos [mh] OR placebo* [tw] 
OR random* [tw] OR research design [mh:noexp] OR comparative study[pt] OR 
evaluation studies[pt] OR follow-up studies [mh] OR prospective studies [mh] 
OR cross-over studies [mh] OR control* [tw] OR control[tw] OR controlled[tw] 
OR controled[tw] OR controls[tw] OR prospectiv* [tw] OR volunteer* [tw]) NOT 
(animal [mh] NOT human [mh]))
Location (ankle OR talocrural OR (anterior AND talofi bular AND ligament) OR (posterior 
AND talofi bular AND ligament) OR (calcaneofi bular AND ligament) OR (lateral AND 
ligament AND complex))
Injury (ankle OR talocrural OR (anterior AND talofi bular AND ligament) OR (posterior 
AND talofi bular AND ligament) OR (calcaneofi bular AND ligament) OR (lateral AND 
ligament AND complex)) AND (inversion OR sprain OR strain OR rupture OR injur* 
OR distortion)
Treatment (training OR therapy OR treatment OR rehabilitation OR exercise OR physiotherapy 
OR (early AND mobilisation))
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Studies involving post-surgical treatment or treatment of recurrent ankle injuries or 
chronic instability were excluded.
The assistance of a native speaker was obtained for studies published in languages 
other than English, German or Dutch. A consensus method was used to resolve any 
disagreements. Finally, the references of all included studies were checked for possible 
relevant articles.
Assessment of risk of bias
Risk of bias of the included studies was assessed by pairs of reviewers (RMvR, JvO and 
MvM) independently, using the Cochrane collaboration’s tool for assessing risk of bias 
(RMvR assessed all studies, except the study for which he is fi rst author; RMvR was not in-
volved in any decision regarding this trial).18 This tool is adapted for the objective of this 
review and consists of fi ve domains, with eleven items in total (Appendix I). Each item 
was rated as ‘yes’, ‘no’, or ‘unsure’. Disagreements were resolved in a consensus meeting. 
Studies with six or more points on the risk of bias assessment were regarded as studies 
with a low risk of bias. The interpretation of the risk of bias tool was pre-tested using two 
studies that focused on the eff ectiveness of physical therapy treatment in patients with 
low back pain (a physical condition outside the scope of this review).
Data extraction
One reviewer (RMvR) extracted relevant data from the included studies. Study charac-
teristics extracted were: information on target population (age, gender, setting, injury 
grade, sample size), treatment, outcome measures, and duration of follow-up. Outcome 
measures extracted (if present) were: pain, instability (feeling of ‘giving way’), re-sprain, 
return to sport and work, recovery, and functional scores. In case of uncertainty about 
the extracted data from the included studies, a second reviewer (MvM) was consulted.
The core fi ndings in each article were expressed as estimates, relative risks (RR) or 
eff ect sizes (ES), with corresponding 95% confi dence interval (95% CI). Where possible, 
these measures were directly extracted from the article. For articles in which this informa-
tion was not presented, these measures were calculated if enough data were available. 
Outcome measures were presented according to follow-up time, and therefore grouped 
into the following categories: 1) short term (within two weeks of randomization), 2) 
intermediate term (between two weeks and three months follow-up), and 3) long term 
(longer than three months follow-up).6
Data analysis
The main comparison in this review is of any conventional treatment versus conventional 
treatment with additional supervised exercises. A secondary objective was to evaluate 
the results of the main comparison in vulnerable populations with a high risk for (re-)
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sprains or with increased risk for slower improvement. Athletes show an increased risk 
for (re-)sprains15 and patients with a severe injury are reported to have slower improve-
ment16. Therefore, we defi ned these populations as specifi c vulnerable populations. 
Finally, we present the results classifi ed by type of conventional treatment.
Statistical pooling was performed when studies were clinically homogeneous 
concerning population, intervention and outcome measures. In case of clinical hetero-
geneity the data were analysed using a best-evidence synthesis.19 This rating system 
consists of four levels of scientifi c evidence based on the quality of the studies: 1) strong 
evidence; provided by generally consistent fi ndings in multiple RCTs assessed as having 
low risk of bias, 2) moderate evidence; provided by generally consistent fi ndings in one 
RCT assessed as having low risk of bias, and one or more RCTs assessed as having high 
risk of bias or by generally consistent fi ndings in multiple RCTs assessed as having high 
risk of bias, 3) limited or confl icting evidence; only one RCT (either assessed as having 
low or high risk of bias) or inconsistent fi ndings in multiple RCTs, and 4) no available 
evidence; no RCTs.
RESULTS
Literature search
Our search resulted in 2,946 potentially relevant articles. From titles and abstract we 
identifi ed 41 articles. Of these, three articles met our inclusion criteria after reviewing 
the full text.20-22 Multiple publications were found reporting on the same data for Van 
Rijn et al.16, 22 Information from both these publications was used for the methodological 
quality assessment and data extraction, but only the fi rst or most prominent publica-
tion was used for citation of these studies. In addition, we examined the original search 
results of an earlier review by Van Os et al.17 on the same topic and found one additional 
article.23 Combined with the articles already included in the review of Van Os et al.17 a 
total of eleven articles were included in the present review (Figure 1).
Assessment of risk of bias
Figure 2 presents the overall assessment of the risk of bias, and Table 2 shows assessment 
of the risk of bias of the individual studies. The initial agreement of the reviewers on the 
total assessment of risk of bias was 80.2% (97 of 121 items). All the initial disagreements 
were solved in a consensus meeting. Ten studies were assessed as having high risk of 
bias20, 21, 23-30 and one study was assessed as having low risk of bias.22 The most prevalent 
shortcomings were found in the items on blinding (patient, care provider, outcome as-
sessor), allocation concealment, and similarity of treatment groups at baseline.
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Description of included studies
Table 3 presents the characteristics of the included studies. Conventional treatment in 
the included studies consists of a variety of therapies, namely: no treatment, ice applica-
tion, partial immobilisation (tape, brace, or bandage), complete immobilisation (plaster 
cast), a home exercise program, early ankle mobilization instructions, or a combination 
of these treatments. Supervised exercises consist of physical therapist visits in which the 
patients focused on strength, mobility and balance exercises whether or not combined 
with the use of a balance or wobble board.
The included studies were considered too heterogeneous to perform a meta-analysis. 
Therefore, we refrained from pooling and performed a best-evidence synthesis (Table 
4). In addition, the contrast between the types of conventional treatments was too small 
to perform an analysis grouped by type of treatment. For that reason, we describe the 
SEARCH
EMbasePubmed
Potentially relevant articles identified 
and screened for retrieval (n = 2946) 
Articles retrieved for more detailed 
evaluation (n =500) 
Potentially relevant articles identified 
and screened for retrieval (n=41) 
Articles included in the systematic 
review (n = 11) 
Articles excluded based on abstract: n =459
Articles excluded based on title: n= 2446
Articles excluded 
   Do not meet inclusion criteria (n =37)
  Reporting on the same data (n=1)
Articles retrieved from other sources: 
  Search results review of Van Os et al (n=1)  
Review of Van Os et al. (n=7) 
CCRCT Cinahl
Figure 1 Flow chart of the selected articles. CCRCT = Cochrane Central Register of Controlled Trials
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Table 2 Results of the risk of bias assessment of the individual studies with scores per item.
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Figure 2 Results of risk of bias assessment. Frequency (%) of scores per item (yes, no, unsure)
Rogier BW.indd   106 07-10-10   11:05
Eff ectiveness of additional supervised exercises versus conventional treatment alone 107
Ta
bl
e 
3 
Ch
ar
ac
te
ris
tic
s 
of
 th
e 
11
 s
tu
di
es
 in
cl
ud
ed
 in
 th
e 
pr
es
en
t r
ev
ie
w
A
ut
ho
r
St
ud
y 
po
pu
la
ti
on
Co
nv
en
ti
on
al
 tr
ea
tm
en
t
Su
pe
rv
is
ed
 tr
ea
tm
en
t
Ba
ss
et
 e
t a
l.2
0
47
 (5
2)
 p
at
ie
nt
s 
w
ith
 a
n 
ac
ut
e 
an
kl
e 
sp
ra
in
 (fi
 rs
t-
tim
e 
or
 
re
cu
rr
en
t)
 re
cr
ui
te
d 
fr
om
 4
 p
hy
si
ca
l 
th
er
ap
y 
cl
in
ic
s 
in
 m
id
dl
e 
to
 lo
w
 
so
ci
oe
co
no
m
ic
 s
ub
ur
bs
: 6
0%
 m
al
e;
 
m
ea
n 
ag
e 
30
±1
2.
4 
yr
; i
nj
ur
y 
gr
ad
e:
 
38
%
 m
ild
, 5
1%
 m
od
er
at
e,
 1
1%
 
se
ve
re
; r
e-
sp
ra
in
 5
5%
H
om
e-
ba
se
d 
in
te
rv
en
tio
n 
pr
og
ra
m
-S
m
al
l h
om
e 
pr
og
ra
m
 o
f n
o 
m
or
e 
th
an
 4
 
si
m
pl
e 
ac
tiv
iti
es
- E
qu
ip
m
en
t s
uc
h 
as
 s
tr
ap
pi
ng
 ta
pe
, T
ub
ig
rip
 
fo
r c
om
pr
es
si
on
, T
he
ra
-b
an
d 
re
si
st
an
ce
 b
an
ds
, 
an
d 
w
ob
bl
e 
bo
ar
ds
.
- T
re
at
m
en
t b
oo
kl
et
; i
nf
or
m
at
io
n 
ab
ou
t 
st
ru
ct
ur
e 
of
 th
e 
an
kl
e,
 a
nk
le
 s
pr
ai
ns
, d
ia
ry
 
gr
id
s, 
pr
og
re
ss
 s
he
et
s, 
ad
he
re
nc
e 
en
ha
nc
in
g,
 
an
d 
th
e 
3 
tr
ea
tm
en
t p
ha
se
s:
1.
 
Ac
ut
e 
(3
6-
48
 h
r)
: R
IC
E,
 a
nd
 a
ct
iv
e 
an
kl
e 
m
ov
em
en
ts
 w
ith
in
 th
e 
lim
its
 o
f p
ai
n
2.
 
M
ob
ili
zi
ng
 (1
0-
14
 d
ay
s)
: m
ob
ili
zi
ng
 
an
d 
st
re
ng
th
en
in
g 
ex
er
ci
se
s, 
ca
lf 
an
d 
he
el
 
st
re
tc
he
s, 
an
kl
e 
st
ra
pp
in
g/
ta
pi
ng
3.
 
St
re
ng
th
en
in
g 
(1
0-
14
 d
ay
s)
: T
he
ra
-b
an
d 
re
si
st
an
ce
, b
od
y-
w
ei
gh
t r
es
is
ta
nc
e 
in
 s
ta
nd
in
g,
 
on
e-
le
g 
st
an
di
ng
, s
ta
nd
in
g 
on
 w
ob
bl
e 
bo
ar
d,
 
w
ei
gh
t b
ea
rin
g 
ac
tiv
iti
es
, a
nk
le
 s
tr
ap
pi
ng
Cl
in
ic
-b
as
ed
 in
te
rv
en
tio
n 
pr
og
ra
m
- S
m
al
l h
om
e 
pr
og
ra
m
 o
f n
o 
m
or
e 
th
an
 4
 s
im
pl
e 
ac
tiv
iti
es
- P
hy
si
ca
l t
he
ra
pi
st
 tr
ea
te
d 
sy
m
pt
om
s, 
an
d 
su
pe
rv
is
ed
 th
e 
ac
tiv
iti
es
/e
xe
rc
is
es
 o
f a
 3
-p
ha
se
 p
hy
si
ca
l t
he
ra
py
 p
ro
gr
am
:
1.
 
Ac
ut
e 
(3
6-
48
 h
rs
): 
RI
CE
, a
nd
 a
ct
iv
e 
an
kl
e 
m
ov
em
en
ts
 
w
ith
in
 th
e 
lim
its
 o
f p
ai
n
2.
 
M
ob
ili
zi
ng
 (1
0-
14
 d
ay
s)
: m
ob
ili
zi
ng
 a
nd
 
st
re
ng
th
en
in
g 
ex
er
ci
se
s, 
ca
lf 
an
d 
he
el
 s
tr
et
ch
es
, a
nk
le
 
st
ra
pp
in
g/
ta
pi
ng
3.
 
St
re
ng
th
en
in
g 
(1
0-
14
 d
ay
s)
: T
he
ra
-b
an
d 
re
si
st
an
ce
, 
bo
dy
-w
ei
gh
t r
es
is
ta
nc
e 
in
 s
ta
nd
in
g,
 o
ne
-le
g 
st
an
di
ng
, 
st
an
di
ng
 o
n 
w
ob
bl
e 
bo
ar
d,
 w
ei
gh
t b
ea
rin
g 
ac
tiv
iti
es
, 
an
kl
e 
st
ra
pp
in
g
Br
oo
ks
 e
t a
l.2
4
10
2 
(2
41
) p
at
ie
nt
s 
w
ith
 in
ve
rs
io
n 
in
ju
ry
, w
ith
 a
 ta
la
r t
ilt
 <
15
°, 
w
ho
 
at
te
nd
ed
 th
e 
lo
ca
l e
m
er
ge
nc
y 
de
pa
rt
m
en
t: 
ag
e 
12
-6
5 
yr
Tr
ea
tm
en
t g
ro
up
s:
1.
 
N
o 
tr
ea
tm
en
t, 
no
 s
up
po
rt
 o
r o
nl
y 
a 
m
in
im
al
 b
an
da
ge
2.
 
D
ou
bl
e 
Tu
bi
gr
ip
 s
up
po
rt
 to
 w
ea
r d
ur
in
g 
da
yt
im
e 
an
d 
ad
vi
se
d 
to
 re
m
ov
e 
in
 b
ed
 a
t n
ig
ht
3.
 
A
nk
le
 c
om
pl
et
el
y 
im
m
ob
ili
ze
d 
in
 a
 b
el
ow
-
kn
ee
 p
la
st
er
-o
f-P
ar
is
 c
as
t, 
bu
t p
at
ie
nt
s 
w
er
e 
en
co
ur
ag
ed
 to
 b
ea
r w
ei
gh
t a
s 
so
on
 a
s 
po
ss
ib
le
Fi
rs
t d
ay
 o
r w
ith
in
 4
8 
hr
 o
f p
re
se
nt
at
io
n:
- i
ce
d 
fo
ot
 b
at
h,
 m
ob
ili
za
tio
n,
 in
st
ru
ct
io
n 
in
 n
or
m
al
 g
ai
t.
Se
co
nd
 o
r t
hi
rd
 v
is
it:
- w
ob
bl
e 
bo
ar
d 
ex
er
ci
se
s
Tr
ea
tm
en
t w
as
 c
on
si
de
re
d 
co
m
pl
et
e 
w
he
n 
th
e 
pa
tie
nt
 
co
ul
d 
to
le
ra
te
 1
0 
m
in
 o
n 
th
e 
w
ob
bl
e 
bo
ar
d
Rogier BW.indd   107 07-10-10   11:05
108 Chapter 7
A
ut
ho
r
St
ud
y 
po
pu
la
ti
on
Co
nv
en
ti
on
al
 tr
ea
tm
en
t
Su
pe
rv
is
ed
 tr
ea
tm
en
t
H
ol
m
e 
et
 a
l.2
5
71
 (9
2)
 p
at
ie
nt
s, 
al
l r
ec
re
at
io
na
l 
at
hl
et
es
, w
ith
 a
n 
an
kl
e 
sp
ra
in
 
su
st
ai
ne
d 
du
rin
g 
sp
or
ts
 w
ho
 
at
te
nd
ed
 th
e 
lo
ca
l e
m
er
ge
nc
y 
de
pa
rt
m
en
t: 
62
%
 m
al
e;
 m
ea
n 
ag
e 
26
.5
 y
r; 
in
ju
ry
 g
ra
de
: 3
0%
 m
ild
, 5
3%
 
m
od
er
at
e,
 1
7%
 s
ev
er
e
In
fo
rm
at
io
n 
re
ga
rd
in
g 
ea
rly
 a
nk
le
 m
ob
ili
za
tio
n,
 
in
cl
ud
in
g 
st
re
ng
th
, m
ob
ili
ty
, a
nd
 b
al
an
ce
 
ex
er
ci
se
s
In
fo
rm
at
io
n 
re
ga
rd
in
g 
ea
rly
 a
nk
le
 m
ob
ili
za
tio
n,
 in
cl
ud
in
g 
st
re
ng
th
, m
ob
ili
ty
, a
nd
 b
al
an
ce
 e
xe
rc
is
es
, c
om
bi
ne
d 
w
ith
 
su
pe
rv
is
ed
 g
ro
up
 p
hy
si
ca
l t
he
ra
py
 re
ha
bi
lit
at
io
n 
(1
 h
r, 
tw
ic
e 
w
ee
kl
y)
:
- 
co
m
pr
eh
en
si
ve
 b
al
an
ce
 e
xe
rc
is
es
 o
n 
bo
th
 le
gs
- 
fi g
ur
e-
of
-e
ig
ht
 ru
nn
in
g
- 
st
an
di
ng
 o
n 
a 
ba
la
nc
e 
bo
ar
d 
an
d 
ca
tc
hi
ng
 a
 b
al
l
- 
st
an
di
ng
 o
n 
th
e 
ou
ts
id
e 
of
 th
e 
fe
et
- 
st
an
di
ng
 o
n 
th
e 
in
si
de
 o
f t
he
 fe
et
 w
ith
 o
pe
n 
an
d 
cl
os
ed
 e
ye
s
H
ul
tm
an
 e
t a
l.2
1
65
 (1
15
) w
ith
 a
n 
an
kl
e 
sp
ra
in
 w
ho
 
at
te
nd
ed
 e
m
er
ge
nc
y 
de
pa
rt
m
en
t: 
54
%
 m
al
e;
 m
ea
n 
ag
e 
35
 (1
8-
65
) y
r
Ex
am
in
at
io
n 
of
 th
e 
an
kl
e,
 in
iti
al
 w
ei
gh
t-
un
lo
ad
in
g 
w
ith
 c
ru
tc
he
s, 
el
as
tic
 w
ra
p,
 a
nd
 
ve
rb
al
 a
nd
/o
r w
rit
te
n 
in
fo
rm
at
io
n 
fr
om
 
th
e 
at
te
nd
in
g 
ph
ys
ic
ia
n 
or
 n
ur
se
 a
bo
ut
 
m
ob
ili
za
tio
n 
an
d 
ea
rly
 w
ei
gh
t-
be
ar
in
g,
 
fo
llo
w
ed
 b
y 
tw
o 
vi
si
ts
 to
 th
e 
ph
ys
io
th
er
ap
is
t (
6 
w
ee
ks
, 3
 m
on
th
s)
:
- e
ar
ly
 ra
ng
e 
of
 m
ot
io
n 
tr
ai
ni
ng
- w
ei
gh
t-
be
ar
in
g 
on
 in
ju
re
d 
an
kl
e
- b
al
an
ce
 a
nd
 s
tr
en
gt
h 
tr
ai
ni
ng
- i
ns
tr
uc
tio
ns
 fo
r h
om
e 
ex
er
ci
se
s
Ex
am
in
at
io
n 
of
 th
e 
an
kl
e,
 in
iti
al
 w
ei
gh
t-
un
lo
ad
in
g 
w
ith
 c
ru
tc
he
s, 
el
as
tic
 w
ra
p,
 a
nd
 v
er
ba
l a
nd
/o
r w
rit
te
n 
in
fo
rm
at
io
n 
fr
om
 th
e 
at
te
nd
in
g 
ph
ys
ic
ia
n 
or
 n
ur
se
 a
bo
ut
 
m
ob
ili
za
tio
n 
an
d 
ea
rly
 w
ei
gh
t-
be
ar
in
g,
 fo
llo
w
ed
 b
y 
4 
vi
si
ts
 to
 th
e 
ph
ys
io
th
er
ap
is
t (
ba
se
lin
e,
 3
 w
ee
ks
, 6
 w
ee
ks
, 
3 
m
on
th
s)
:
- e
ar
ly
 ra
ng
e 
of
 m
ot
io
n 
tr
ai
ni
ng
- w
ei
gh
t-
be
ar
in
g 
on
 in
ju
re
d 
an
kl
e
- b
al
an
ce
 a
nd
 s
tr
en
gt
h 
tr
ai
ni
ng
- i
ns
tr
uc
tio
ns
 fo
r h
om
e 
ex
er
ci
se
s
Ta
bl
e 
3 
Co
nt
in
ue
Rogier BW.indd   108 07-10-10   11:05
Eff ectiveness of additional supervised exercises versus conventional treatment alone 109
A
ut
ho
r
St
ud
y 
po
pu
la
ti
on
Co
nv
en
ti
on
al
 tr
ea
tm
en
t
Su
pe
rv
is
ed
 tr
ea
tm
en
t
Ka
rls
so
n 
et
 a
l.2
3
84
 (8
6)
 c
on
se
cu
tiv
e 
pa
tie
nt
s, 
ac
tiv
e 
in
 
sp
or
ts
 o
n 
re
cr
ea
tio
na
l o
r c
om
pe
tit
iv
e 
le
ve
l, 
w
ith
 li
ga
m
en
t r
up
tu
re
s 
of
 th
e 
an
kl
e:
 6
6%
 m
al
e;
 m
ea
n 
ag
e 
22
 (1
6-
38
) y
r; 
in
ju
ry
 g
ra
de
: 5
9%
 m
od
er
at
e,
 
41
%
 s
ev
er
e
El
as
tic
 w
ra
pp
in
g,
 p
ar
tia
l w
ei
gh
t b
ea
rin
g 
an
d 
cr
ut
ch
es
 u
nt
il 
th
e 
pa
in
 s
ub
si
de
d
Fu
nc
tio
na
l t
re
at
m
en
t
- 
co
m
pr
es
si
on
 p
ad
s
- 
ea
rly
 w
ei
gh
t b
ea
rin
g
Ra
ng
e 
of
 m
ot
io
n 
tr
ai
ni
ng
- 
do
rs
al
 a
nd
 p
la
nt
ar
 fl 
ex
io
n
- 
su
pi
na
tio
n
pr
op
rio
ce
pt
iv
e 
tr
ai
ni
ng
- 
st
an
di
ng
 o
n 
on
e 
le
g 
w
ith
 e
ye
s 
cl
os
ed
- 
w
al
ki
ng
 a
lo
ng
 z
ig
-z
ag
 li
ne
s
St
re
ng
th
 tr
ai
ni
ng
- 
ru
bb
er
 c
or
ds
- 
w
ei
gh
t b
oo
ts
N
ils
so
n2
6
11
8 
(1
80
) p
at
ie
nt
s 
w
ith
 in
ju
ry
 to
 th
e 
la
te
ra
l a
nk
le
 li
ga
m
en
ts
 (c
la
ss
ifi 
ed
 a
s 
‘ru
pt
ur
e’ 
or
 ‘n
o 
ru
pt
ur
e’
), 
oc
cu
rr
ed
 
w
ith
in
 th
e 
la
st
 6
 h
r, 
w
ho
 a
tt
en
de
d 
th
e 
lo
ca
l e
m
er
ge
nc
y 
de
pa
rt
m
en
t: 
59
%
 m
al
e;
 m
ea
n 
ag
e 
33
.6
 (1
5-
66
) y
r
El
as
tic
 w
ra
pp
in
g 
on
ly
 (n
=5
9)
El
as
tic
 w
ra
pp
in
g 
an
d 
cr
yo
th
er
ap
y 
co
m
bi
ne
d 
w
ith
 
ph
ys
io
th
er
ap
y 
st
ar
tin
g 
on
 th
e 
5t
h  d
ay
 a
ft
er
 in
ju
ry
:
- l
im
be
rin
g 
ex
er
ci
se
s 
of
 th
e 
an
kl
e
- u
ltr
as
ou
nd
 tr
ea
tm
en
t t
o 
th
e 
la
te
ra
l s
id
e 
of
 th
e 
an
kl
e
- c
oo
rd
in
at
io
n 
ex
er
ci
se
s
- s
tr
en
gt
he
ni
ng
 e
xe
rc
is
es
 o
f t
he
 fi 
bu
la
r m
us
cl
es
 (n
=5
9)
Ea
ch
 s
es
si
on
 la
st
ed
 4
5 
m
in
, a
nd
 w
as
 g
iv
en
 d
ai
ly
 u
nt
il 
pa
tie
nt
 w
as
 s
ym
pt
om
 fr
ee
 o
r h
ad
 re
ce
iv
ed
 1
0 
tr
ea
tm
en
ts
.
O
os
te
nd
or
p2
7
24
 (2
4)
 p
at
ie
nt
s 
w
ith
 in
ve
rs
io
n 
in
ju
ry
 o
f t
he
 a
nk
le
, s
us
ta
in
ed
 d
ur
in
g 
vo
lle
yb
al
l, 
ba
sk
et
ba
ll,
 h
an
db
al
l 
or
 s
oc
ce
r, 
w
ho
 a
tt
en
de
d 
ph
ys
ic
al
 
th
er
ap
y 
pr
ac
tic
es
: 6
7%
 m
al
e;
 m
ea
n 
ag
e 
22
.1
 (1
5-
30
) y
r
Cr
yo
th
er
ap
y,
 c
om
pr
es
si
on
 b
an
da
ge
 a
nd
 
m
in
im
al
 w
ei
gh
t b
ea
rin
g 
fo
llo
w
ed
 b
y 
6 
w
k 
ta
pe
 
ba
nd
ag
e
Cr
yo
th
er
ap
y,
 c
om
pr
es
si
on
 b
an
da
ge
 a
nd
 m
in
im
al
 w
ei
gh
t 
be
ar
in
g 
fo
llo
w
ed
 b
y 
6 
w
k 
ta
pe
 b
an
da
ge
 c
om
bi
ne
d 
w
ith
 
a 
st
an
da
rd
iz
ed
 p
ro
gr
es
si
ve
 tr
ai
ni
ng
 p
ro
gr
am
 (3
 p
hy
si
ca
l 
th
er
ap
y 
se
ss
io
ns
 a
 w
ee
k,
 d
ai
ly
 h
om
e 
ex
er
ci
se
s)
:
st
ab
ili
ty
 e
xe
rc
is
es
- 
di
st
ur
ba
nc
e 
in
 b
al
an
ce
- 
va
ria
tio
n 
in
 p
os
tu
re
- 
vi
su
al
 c
on
tr
ol
is
om
et
ric
 s
tr
en
gt
he
ni
ng
 e
xe
rc
is
es
- 
m
an
ua
l r
es
is
ta
nc
e
Rogier BW.indd   109 07-10-10   11:05
110 Chapter 7
A
ut
ho
r
St
ud
y 
po
pu
la
ti
on
Co
nv
en
ti
on
al
 tr
ea
tm
en
t
Su
pe
rv
is
ed
 tr
ea
tm
en
t
Re
in
ha
rd
t e
t a
l.2
8
72
 (8
0)
 p
at
ie
nt
s, 
co
ns
is
tin
g 
of
 re
cr
ui
ts
 
an
d 
pr
of
es
si
on
al
 s
ol
di
er
s, 
w
ith
 a
cu
te
 
an
kl
e 
sp
ra
in
: m
ea
n 
ag
e 
22
.6
 y
r
Ea
rly
 fu
nc
tio
na
l t
re
at
m
en
t:
- 
A
irc
as
t b
ra
ce
- 
no
n-
w
ei
gh
t b
ea
rin
g
- 
cr
yo
th
er
ap
y
- 
el
ev
at
io
n 
fo
r 3
-5
 d
ay
s
Ea
rly
 fu
nc
tio
na
l t
re
at
m
en
t:
- 
A
irc
as
t b
ra
ce
- 
no
n-
w
ei
gh
t b
ea
rin
g
- 
cr
yo
th
er
ap
y
- 
el
ev
at
io
n 
fo
r 3
-5
 d
ay
s
6 
ph
ys
ic
al
 th
er
ap
y 
se
ss
io
ns
:
- 
pr
op
rio
ce
pt
iv
e 
tr
ai
ni
ng
 (b
al
an
ce
 b
oa
rd
, r
ou
gh
 te
rr
ai
n)
- 
lim
be
rin
g 
ex
er
ci
se
s
- 
st
re
ng
th
en
in
g 
ex
er
ci
se
s
- 
ho
m
e 
ex
er
ci
se
s 
(n
=4
7)
Ro
yc
ro
ft
 e
t a
l.2
9
43
 (9
8)
 p
at
ie
nt
s 
w
ith
 in
ve
rs
io
n 
in
ju
ry
 
of
 th
e 
an
kl
e 
w
ho
 a
tt
en
de
d 
th
e 
lo
ca
l 
em
er
ge
nc
y 
de
pa
rt
m
en
t: 
in
ju
ry
 
gr
ad
e:
 4
7.
5%
 m
ild
, 5
2.
5%
 m
od
er
at
e
W
oo
l a
nd
 e
la
st
op
la
st
s 
ba
nd
ag
e 
or
 p
la
st
er
 o
f 
Pa
ris
 b
ac
k 
sl
ab
, n
on
 w
ei
gh
t b
ea
rin
g 
(n
=3
7)
Im
m
ed
ia
te
 a
ct
iv
e 
tr
ea
tm
en
t (
RI
CE
) a
nd
 fu
ll 
w
ei
gh
t 
be
ar
in
g,
 a
ft
er
 2
4 
hr
 re
fe
rr
ed
 to
 p
hy
si
ca
l t
he
ra
py
:
- 
ul
tr
as
ou
nd
- 
ta
pi
ng
- 
tu
bi
gr
ip
 s
up
po
rt
- 
m
ob
ili
za
tio
n 
an
d 
re
ha
bi
lit
at
io
n 
(n
=4
3)
Va
n 
Ri
jn
 e
t a
l.2
2
10
2 
(1
07
) p
at
ie
nt
s 
w
ith
 a
n 
ac
ut
e 
la
te
ra
l a
nk
le
 s
pr
ai
n,
 w
ho
 a
tt
en
de
d 
th
e 
G
P 
or
 lo
ca
l e
m
er
ge
nc
y 
de
pa
rt
m
en
t: 
58
%
 m
al
e;
 m
ea
n 
ag
e 
37
.0
 y
r; 
in
ju
ry
 g
ra
de
 4
2%
 m
ild
, 4
0%
 
m
od
er
at
e,
 4
%
 s
ev
er
e,
 1
4%
 u
nk
no
w
n
Ea
rly
 a
nk
le
 m
ob
ili
za
tio
n,
 h
om
e 
ex
er
ci
se
s, 
ea
rly
 
w
ei
gh
t b
ea
rin
g,
 a
nd
 ta
pe
, b
an
da
ge
 o
r b
ra
ce
 
(n
=5
3)
Ea
rly
 a
nk
le
 m
ob
ili
za
tio
n,
 h
om
e 
ex
er
ci
se
s, 
ea
rly
 w
ei
gh
t 
be
ar
in
g,
 a
nd
 ta
pe
, b
an
da
ge
 o
r b
ra
ce
Pr
og
re
ss
iv
e 
tr
ai
ni
ng
 p
ro
gr
am
 s
up
er
vi
se
d 
by
 a
 
ph
ys
io
th
er
ap
is
t (
m
ax
. 9
.5
 h
r s
es
si
on
s, 
w
ith
in
 3
 m
on
th
s)
:
- 
ba
la
nc
e 
ex
er
ci
se
s
- 
w
al
ki
ng
- 
ru
nn
in
g
- 
ju
m
pi
ng
 (n
=4
9)
W
es
te
r e
t a
l.3
0
48
 (6
1)
 p
at
ie
nt
s, 
ac
tiv
e 
in
 s
po
rt
s 
>2
 
hr
/w
ee
k,
 w
ith
 a
 p
rim
ar
y 
an
kl
e 
sp
ra
in
 
w
ho
 a
tt
en
de
d 
th
e 
lo
ca
l e
m
er
ge
nc
y 
de
pa
rt
m
en
t: 
60
%
 m
al
e;
 m
ea
n 
ag
e 
25
 
(±
7.
2)
 y
r; 
in
ju
ry
 g
ra
de
: m
od
er
at
e
Co
m
pr
es
si
on
 b
an
da
ge
 fo
r 1
 w
k,
 le
g 
el
ev
at
io
n 
an
d 
im
m
ob
ili
za
tio
n 
fo
r 2
 d
ay
s, 
av
oi
di
ng
 
ac
tiv
iti
es
 s
tr
ai
ni
ng
 th
e 
la
te
ra
l l
ig
am
en
ts
, a
nd
 
re
tu
rn
 to
 s
po
rt
s 
ac
tiv
iti
es
 w
as
 n
ot
 p
er
m
itt
ed
 
un
til
 A
D
L 
w
er
e 
po
ss
ib
le
 w
ith
ou
t p
ai
n.
Co
m
pr
es
si
on
 b
an
da
ge
 fo
r 1
 w
k,
 le
g 
el
ev
at
io
n 
an
d 
im
m
ob
ili
za
tio
n 
fo
r 2
 d
ay
s, 
av
oi
di
ng
 a
ct
iv
iti
es
 s
tr
ai
ni
ng
 th
e 
la
te
ra
l l
ig
am
en
ts
, a
nd
 re
tu
rn
 to
 s
po
rt
s 
ac
tiv
iti
es
 w
as
 n
ot
 
pe
rm
itt
ed
 u
nt
il 
A
D
L 
w
er
e 
po
ss
ib
le
 w
ith
ou
t p
ai
n,
12
 w
k 
tr
ai
ni
ng
 p
ro
gr
am
 (1
5 
m
in
/d
ay
), 
us
in
g 
a 
w
ob
bl
e 
bo
ar
d
H
r =
 h
ou
r, 
w
k 
= 
w
ee
k,
 y
r =
 y
ea
r, 
A
D
L 
= 
ac
tiv
iti
es
 o
f d
ai
ly
 li
vi
ng
Ta
bl
e 
3 
Co
nt
in
ue
Rogier BW.indd   110 07-10-10   11:05
Eff ectiveness of additional supervised exercises versus conventional treatment alone 111
Table 4 Results of the best-evidence synthesis
Outcome Follow-up Studies Eff ectiveness # Best-evidence synthesis
Pain Short term 2 HR RCT26, 30 No, No Moderate evidence no 
eff ectiveness
Intermediate term 2 HR RCT27, 30
1 LR RCT22
Yes, No
No
Confl icting evidence
Long term 2 HR RCT26, 27
1 LR RCT22
No, No
No
Moderate evidence no 
eff ectiveness
Instability Short term - - No available evidence
Intermediate term 2 HR RCT27, 28
1 LR RCT22
No, No
No
Moderate evidence no 
eff ectiveness
Long term 3 HR RCT26, 27, 30
1 LR RCT22
No, No, Yes
No
Confl icting evidence
Recovery Short term 1 HR RCT29 Yes Limited evidence eff ectiveness
Intermediate term 1 LR RCT22 No Limited evidence no 
eff ectiveness
Long term 1 LR RCT22 No Limited evidence no 
eff ectiveness
Function Short term 2 HR RCT20, 21 No, Yes Confl icting evidence
Intermediate term - - No available evidence
Long term 1 HR RCT23 No Limited evidence no 
eff ectiveness
Re-sprain Short term - - No available evidence
Intermediate term 1 HR RCT28
1 LR RCT22
No
No
Moderate evidence no 
eff ectiveness
Long term 3 HR RCT25, 26, 30
1 LR RCT22
Yes, No, No
No
Confl icting evidence
Return to work Short term 5 HR RCT21, 23, 24, 26, 28 No, Yes, NA, NA, Yes Confl icting evidence
Intermediate term 1 HR RCT27 No Limited evidence no 
eff ectiveness
Long term 1 HR RCT27 No Limited evidence no 
eff ectiveness
Return to sport Short term 2 HR RCT23, 28 Yes, NA Limited evidence eff ectiveness
Intermediate term 1 HR RCT27 Yes, No* Confl icting evidence
Long term 1 HR RCT27 No Limited evidence no 
eff ectiveness
HR = High risk of bias; LR = Low risk of bias; RCT = Randomised controlled trial; NA = Not applicable, due 
to incomplete data. # ‘No’ = No diff erence in eff ectiveness between treatment groups; ‘Yes’ = Eff ectiveness 
of conventional treatment combined with supervised exercises compared to conventional treatment 
alone. * One study described two follow-up moments (6 and 12 weeks) measuring ‘return to sport’ which 
are part of the intermediate-term follow-up. No diff erences between treatment groups were found at 6 
weeks, whereas a signifi cant diff erence was found at 12 weeks follow-up in favour of supervised exercises.
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results of the main comparison per outcome measure but, where possible, evaluate the 
results by distinguishing between high-risk populations.
Six studies included a vulnerable population consisting of patients active in sports >2 
h/week30, patients who sustained an ankle sprain during sports25, 27, patients active in 
sports on a recreational or competitive level23, recruits and professional soldiers28, and 
patients with a severe injury22. Table 5 presents the results of the studies per outcome 
measure classifi ed by duration of follow-up.
Eff ectiveness of supervised exercises
Pain
Four studies described pain as an outcome measure, of which three with high risk of 
bias26, 27, 30, and one with low risk of bias.22 Pain was measured using a visual analogue 
scale22, 27, or by presenting the number of patients reporting pain.26, 30 Two studies 
measured pain intensity on several occasions (e.g. at rest, during walking, and during 
sports)22, 30, whereas the other studies did not specify pain intensity. Conventional 
treatment corresponds roughly in three out of four studies. Oostendorp27 used a more 
reserved policy in the fi rst week of rehabilitation by prescribing cryotherapy, compres-
sion bandage and minimal weight bearing, whereas the other studies promote early 
ankle mobilization or early weight bearing. The eff ect of additional supervised exercises 
was assessed in the study of Oostendorp27 at intermediate follow-up, whereas the other 
studies found no signifi cant diff erence between treatment groups. Therefore, the evi-
dence of eff ectiveness is confl icting. None of the studies describing pain as an outcome 
measure found a signifi cant diff erence between treatment groups at short-term26, 30 and 
long-term22, 26, 27 follow-up, resulting in moderate evidence of no eff ectiveness.
In a subgroup of studies with a population consisting of athletes, confl icting evidence 
for eff ectiveness (intermediate term), and moderate evidence for no eff ectiveness (short 
and long term), was found.27, 30 In contrast, there is limited evidence for eff ectiveness in 
patients with severe injuries at intermediate follow-up.22
Instability
Five studies, four with high risk of bias26-28, 30 and one with low risk of bias22, presented 
instability as an outcome measure to evaluate the eff ectiveness of additional supervised 
exercises. Four studies measured instability or ‘feeling of giving way’ by using a ques-
tionnaire22, 26, 28, 30; one study did not provide information on measuring instability27. All 
studies present the number of patients reporting instability. Conventional treatment 
corresponds roughly in three out of fi ve studies.
In the studies of Oostendorp27 and Reinhardt et al.28, a more reserved policy in the 
fi rst week of rehabilitation was used by prescribing cryotherapy, compression bandage 
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or aircast brace, and minimal weight bearing, whereas the other studies promote early 
ankle mobilization or early weight bearing as much as pain allowed.
From the study of Wester et al.30 no relative risks could be calculated; however, a signifi -
cant diff erence in the number of patients with instability was reported on the long-term 
follow-up. No diff erences were found in the other studies concerning instability.22, 26, 27 
Therefore, the evidence for eff ectiveness was confl icting at long-term follow-up. None of 
the studies describing instability as an outcome measure found a signifi cant diff erence 
between treatment groups at intermediate-term follow-up 22, 27, 28, resulting in moderate 
evidence for no eff ectiveness.
In a subgroup of studies with a population consisting of athletes or soldiers, moderate 
evidence for no eff ectiveness (intermediate-term) and confl icting evidence for eff ective-
ness (long term) was found.27, 28, 30 In contrast, there is limited evidence for eff ectiveness 
in patients with severe injuries at intermediate follow-up.22
Re-sprain
Five studies, one with low risk of bias22 and four with high risk of bias25, 26, 28, 30, reported 
the number of re-sprains sustained during intermediate and long-term follow-up. In 
three of these studies the study population consist of recreational athletes, patients who 
were active in sports >2 h/week, and recruits or professional soldiers.25, 28, 30 Conventional 
treatment corresponds roughly in four out of fi ve studies.
The studies of Van Rijn et al.22, Holme et al.25, Nilsson 26 and Wester et al.30 promote early 
ankle mobilization or early weight bearing as much as pain allowed, whereas Reinhardt 
et al.28 prescribed a more preserved policy (cryotherapy, compression bandage, minimal 
weight bearing). Holme et al.25 found signifi cantly fewer re-sprains in the group treated 
with early ankle mobilization combined with supervised balance exercises. The other 
studies found no diff erence between the treatment groups regarding the number of re-
sprains, resulting in confl icting evidence for eff ectiveness at long-term follow-up.22, 26, 30 
None of the studies showed a diff erence between treatment groups in the number of 
re-sprains reported at intermediate follow-up. Hence, there is moderate evidence for no 
eff ectiveness.
In a subgroup of studies with a population consisting of athletes or soldiers, moderate 
evidence for no eff ectiveness (intermediate term) and confl icting evidence for eff ective-
ness (long term) was found.25, 28, 30 Besides, there is limited evidence for no eff ectiveness 
of additional supervised exercises on the long-term follow-up regarding the number of 
re-sprains in patients with severe injuries.22
Recovery
Two studies described recovery as an outcome measure to determine the eff ectiveness 
of additional supervised exercises.22, 29 Recovery was measured using a visual analogue 
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scale22 or by calculating the mean period (in days) after which patients were recovered.29 
Conventional treatment diff ers between the studies, i.e. wool and elastoplast bandage 
or a plaster of Paris backslab with non-weight bearing29 versus early ankle mobilization 
and early weight bearing with external protection with tape, bandage or brace.22
From the study of Roycroft et al., with high risk of bias, no eff ect size could be cal-
culated.29 However, patients receiving active treatment report a signifi cantly shorter 
recovery period compared to patients receiving conservative treatment at short-term 
follow-up, i.e.11.9 days versus 18.6 days. At intermediate-term and long-term follow-
up only one study (low risk of bias) reported recovery, but no diff erences were found 
between the treatment groups.22 Hence, there is limited evidence for eff ectiveness at 
short-term follow-up and limited evidence for no eff ectiveness at intermediate-term 
and long-term follow-up.
Additionally, Van Rijn et al. performed a subgroup analysis in patients with severe inju-
ries.22 In this population there is limited evidence for eff ectiveness at short-term follow-
up and limited evidence for no eff ectiveness at intermediate and long-term follow-up.
Function
In three studies, all with high risk of bias, some sort of functional score was measured 
to evaluate the eff ectiveness of additional supervised exercises.20, 21, 23 Basset et al.20 pre-
sented the results of two functional scores, namely the Lower Limb Task Questionnaire 
(LLTQ) and the motor activity scale. The LLTQ consist of two subscales, i.e. the recre-
ational activity scale, which measures strenuous activities such as running, jumping and 
cutting, and the activities of daily living scale, which measures less demanding activities 
such as walking, getting up from a chair, and carrying. The motor activity scale measures 
motor performance on six activities that involve running, walking, and hopping. Karls-
son et al.23 present a scoring scale for functional results consisting of categories such 
as instability, pain, swelling, stiff ness, work and sport activities, stair climbing, running 
and support. Hultman et al.21 present the results of the Foot and Ankle Outcome Score 
(FAOS), which is a 42-item questionnaire consisting of fi ve subscales: pain, symptoms, 
activities of daily living, sports and recreation function, and ankle-related quality of life. 
In this latter study, since treatment in both groups is standardised after six weeks, we 
only report the results up to six weeks follow-up.
In one study the study population consisted of patients who were active in sports on 
the recreational or competitive level.23 Conventional treatment diff ers between the stud-
ies; RICE followed by mobilizing and strengthening exercises20 vs. elastic wrapping, par-
tial weight bearing and crutches until pain subsided.21, 23 At short-term follow-up, Basset 
et al. found no signifi cant diff erences for both functional scales between the treatment 
groups.20 From the study of Hultman et al.21 no eff ect sizes could be calculated. However, 
patients receiving early physiotherapy treatment report signifi cant improvements on all 
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subscales of the FAOS compared to patients receiving conventional treatment at short-
term-follow-up. At long-term follow-up, Karlsson et al. found no diff erence in functional 
results between the two treatment groups.23 Consequently, there is confl icting evidence 
on short-term follow-up, and limited evidence for no eff ectiveness on long-term follow-
up.
The study of Karlsson et al., which is the only study with a population consisting of 
athletes, found no diff erence in the number of patients with excellent functional results 
between both treatment groups at long-term follow-up.23 Therefore, in this population 
there is limited evidence for no eff ectiveness of additional supervised exercises at long-
term follow-up.
Return to work
In six studies, all with high risk of bias, time to return to work was used as an outcome 
measure to evaluate the eff ectiveness of treatment.21, 23, 24, 26-28 In two of these studies, 
eff ect sizes could not be calculated due to insuffi  cient data.24, 26 Conventional treat-
ment diff ers between the studies. The studies of Oostendorp27, Reinhardt et al.28 and 
Karlsson et al.23 prescribed a more reserved policy (cryotherapy, compression bandage, 
minimal weight bearing until pain subsided). The studies by Nilsson26 and Hultman et 
al.21 promote early ankle mobilization or early weight bearing as much as pain allowed. 
Besides, in the study of Hultman et al. this treatment was followed by two visits to the 
physiotherapist at six weeks and three months follow-up.21 Conventional treatment in 
the study of Brooks et al. was divided into three groups; 1) no treatment or minimal 
bandage, 2) tubigrip, and 3) complete immobilisation in a below-knee plaster-of-Paris 
cast.24
Three studies included a more specifi c study population; patients who were active in 
sports on the recreational or competitive level23, 27, and recruits or professional soldiers28. 
The studies of Reinhardt et al.28 and Karlsson et al.23 demonstrate a faster return to work 
for patients receiving early functional treatment, and supervised balance and strength-
ening exercises, compared to patients receiving conventional treatment at short-term 
follow-up. In contrast, Hultman et al. found no diff erence between treatment groups at 
short-term follow-up concerning return to work.21 One study evaluated time to return 
to work at intermediate and long-term follow-up, but found no diff erence between 
the treatment groups.27 Therefore, there is confl icting evidence for eff ectiveness of 
supervised exercises at short-term follow-up in reducing the time to return to work, and 
limited evidence for no eff ectiveness at intermediate and long-term follow-up.
Return to sport
Time to return to sport was used in three studies, all with high risk of bias, as an outcome 
measure.23, 27, 28 All studies included a more active population, e.g. athletes and soldiers, 
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which were more susceptible for sustaining an ankle sprain. Conventional treatment 
roughly corresponds in the three studies. All used a more reserved policy in the fi rst 
week of rehabilitation by prescribing cryotherapy, compression bandage or aircast 
brace, and minimal weight bearing (with or without crutches).
At short-term follow-up, Karlsson et al. report that patients receiving functional 
treatment, range of motion and proprioceptive training return earlier to sports activity 
compared to patients receiving conventional treatment.23 From the study of Reinhardt 
et al. no eff ect sizes could be calculated on short-term follow-up due to incomplete 
data.28 Therefore, there is limited evidence for the eff ectiveness of additional supervised 
exercises at the short-term follow-up in shortening the time to return to sport.
A signifi cant diff erence between treatment groups was found at twelve weeks follow-
up (intermediate) in the study of Oostendorp.27 However, this study failed to demonstrate 
diff erences on intermediate-term (six weeks) and long-term follow-up. Consequently, 
there is confl icting evidence for the eff ectiveness on the intermediate- term follow-up, 
and limited evidence for no eff ectiveness on the long-term follow-up.
DISCUSSION
This review summarizes evidence for the eff ectiveness of supervised exercises added to 
conventional treatment in patients who have sustained an acute lateral ligament ankle 
sprain. In general, this overview revealed only moderate or limited evidence in favour 
of added supervised exercises to conventional treatment compared to conventional 
treatment alone, according to the outcome measures recovery and return to sport at 
short-term follow-up. However, for none of the outcome measures was strong evidence 
found for the eff ectiveness of additional supervised exercises.
The aforementioned evidence for eff ectiveness of additional supervised exercises is 
based on only eleven studies, with a maximum of six studies per outcome measure. 
In these studies conventional treatment was defi ned as no treatment, ice application, 
partial or complete immobilisation, home exercise program, early ankle mobilization 
instructions, or a combination of these treatments. Since the eff ectiveness of additional 
supervised exercises may depend on the type conventional treatment we planned to 
present the results classifi ed by type of conventional treatment. We also aimed to classify 
studies according to the type of treatment; however, considering the limited number of 
studies included and the somewhat overlapping types of conventional treatment, it was 
not possible to perform an analysis grouped by type of treatment.
The supervised treatment in the included studies was similar, and consisted of visits 
to the physical therapy department during which rehabilitation focused on strength, 
mobility and balance exercises, whether or not combined with the use of a balance 
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board. However, the number of visits and the duration of treatment follow-up diff er 
between studies and varied from maximally nine 30-min sessions within three months, 
a twelve week training program, a six week training program with three sessions per 
week, maximally ten sessions of 45 min each, to a three phase training program during 
fourteen days.
In addition, heterogeneity among the studies was also apparent concerning the study 
populations, outcome assessment, and follow-up time. Besides, most of the studies 
(with the exception of one), were assessed as having high risk of bias. Therefore, we 
refrained form undertaking statistical pooling of the results of the individual studies and 
conducted a best-evidence synthesis.
The assessment of risk of bias resulted in 91% of the studies assessed as having high 
risk of bias. The threshold to diff erentiate between low and high risk of bias studies 
was based on a methodological study of Van Tulder et al.31 in which they assessed the 
validity of the Cochrane Collaboration’s tool for assessing risk of bias in trials of back 
pain interventions. In their study a threshold of 50% or less was associated with bias; 
therefore, we decided that a study with six or more points would be regarded as a study 
with a low risk of bias.
Critical items in the risk of bias assessment were the items on blinding (items 3, 4 and 
5), allocation concealment (item 2), and similarity of treatment groups at baseline (item 8).
None of the studies scored positive on the items of blinding, which is devoted to the 
fact that the setting of physical therapy often does not allow blinding of patients or care 
providers. Besides, in all studies the patient was the outcome assessor. Therefore, when 
patients were not blinded for the intervention, the item on blinding of outcome asses-
sor was automatically scored as negative. Of all studies, 91% and 82% scored ‘unsure’ 
on the items concerning allocation concealment and similarity of treatment groups at 
baseline, respectively. Hence, these studies are more susceptible for selection bias, and, 
consequently, will aff ect the generalisability of the results of this review. A critical note 
concerning the risk of bias assessment is that disagreements were resolved in a consen-
sus meeting between the assessors. For more transparency and objectivity it might have 
been better to have consulted a third reviewer.
Although we only considered signifi cant diff erences in the individual studies for 
evaluation of the evidence for the eff ectiveness of additional supervised exercises, also 
non-signifi cant diff erences in favour of the supervised treatment were seen. In these 
studies, signifi cant diff erences could easily be missed due to low power (small number 
of patients), i.e. 90% of the studies did not provide a power analysis. For example, in 
the study of Wester et al.30, which included only 48 patients, no diff erence was found 
between treatment groups concerning the number of reported re-sprains. This resulted 
in a relative risk of 0.46 with a 95% CI of 0.21-1.01, implying that there is an eff ect in 
favour of additional supervised exercises which may become signifi cant if this study had 
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been conducted with enough power in a larger population. To statistically confi rm such 
an eff ect the sample size should be approximately doubled. Furthermore, Van Rijn et al. 
performed a subgroup analysis of a randomised trial, distinguishing between patients 
with a mild and a severe sprain based on the Ankle Function Score.16, 22 Signifi cant diff er-
ences in favour of the group receiving supervised exercises additional to usual care were 
found in patients with severe injuries. However, this subgroup analysis was explorative 
and not predefi ned. Moreover, because of the classifi cation into mild and severe injuries 
the groups became relatively small, resulting in low power.
The limited evidence found for the eff ectiveness of additional supervised exercises 
in the present review corresponds with fi ndings in studies comparing functional treat-
ment with surgery and/or immobilisation. In 1965, Freeman demonstrated that external 
protection combined with mobilization resulted in a shorter mean duration to become 
symptom-free compared to immobilization and surgery after rupture of the lateral 
ligament of the ankle.32 Recently, Bleakley et al. demonstrated that early therapeutic 
exercises during the fi rst week after an ankle sprain improved ankle function compared 
to the current best treatment available (applying ice and compression).33 In addition, 
Kannus et al. conclude that functional treatment, including protection by tape, bandage 
or brace, early weight bearing, ROM exercises and neuromuscular training, resulted in 
the quickest recovery to full ROM and faster return to work and physical activity after a 
grade III ankle sprain, compared to surgery or immobilization.2 However, no diff erences 
were found for outcome measures such as pain and swelling. In a more recent review 
Kerkhoff s et al. demonstrated that functional treatment, which includes elastic bandage, 
soft-cast, tape or orthosis with associated coordination training, results in improved 
outcomes for patients compared to immobilisation alone.11 However, no diff erentiation 
was made between supervised and non-supervised treatment, as was the case in the 
present review.
The eff ectiveness of additional supervised exercises in a more specifi c population is 
restricted to moderate or limited evidence, concerning the outcomes return to work 
and return to sport only. There are indications from the individual studies included in 
this review that more specifi c patient groups might benefi t to a greater extent from 
participation in an additional supervised exercise program. Oostendorp reported sig-
nifi cantly less pain, at six weeks follow-up, in favour of the supervised exercise group in 
a population who sustained their ankle sprain during volleyball, basketball, handball or 
soccer.27 Besides, in the study of Holme et al., patients who sustained their ankle sprain 
during sports and received supervised treatment reported signifi cantly less re-sprains 
at one year follow-up compared to the conventional treatment group.25 Furthermore, in 
the study of Van Rijn et al., patients with a severe injury receiving additional supervised 
exercises showed signifi cantly less instability at two months follow-up compared to the 
conventional treatment group.22
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Thus, more high-quality RCTs are needed to evaluate the eff ectiveness of additional 
supervised exercises in more defi ned subgroups such as athletes and patients with 
severe injuries.
In conclusion, this review shows moderate or limited evidence for eff ectiveness in 
favour of additional supervised exercises compared to conventional treatment alone, 
according to the outcome measures recovery, and return to sports at short-term follow-
up. Strong evidence was not observed for any of the outcome measures. In a more 
specifi c population (i.e. athletes and soldiers) there is limited to moderate evidence that 
supervised treatment leads to an earlier return to work and return to sports. Further-
more, there is limited evidence for eff ectiveness of supervised treatment additional to 
conventional treatment in patients with severe injuries.
However, only a few studies were included in this review, most studies were assessed 
as having high risk of bias, and most studies were lacking power. Therefore, we recom-
mend conducting high-quality RCTs which concentrate on the eff ectiveness of addi-
tional supervised treatment in specifi c study populations, such as athletes and patients 
with severe injuries. In order to promote complete and transparent reporting of RCTs, 
future trials must comply with the CONSORT statement.34
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Criteria for a judgment of ‘yes’ for the sources of risk of bias
1. Was the method of randomization adequate?
A random (unpredictable) assignment sequence. Examples of adequate methods are 
coin toss (for studies with two groups), rolling a dice (for studies with two or more 
groups), drawing of balls of diff erent colours, drawing of ballots with the study group 
labels from a dark bag, computer-generated random sequence, pre-ordered sealed 
envelops, sequentially-ordered vials, telephone call to a central offi  ce, and pre-ordered 
list of treatment assignments.
Examples of inadequate methods are: alternation, birth date, social insurance/security 
number, date in which they are invited to participate in the study, and hospital registra-
tion number.
2. Was the treatment allocation concealed?
Assignment generated by an independent person not responsible for determining the 
eligibility of the patients. This person has no information about the persons included 
in the trial and has no infl uence on the assignment sequence or on the decision about 
eligibility of the patient.
Appendix Sources of risk of bias
Item Judgement
A) Sequence generation
1. Was the method of randomization adequate? Yes / No / Unsure
B) Allocation concealment
2. Was the treatment allocation concealed? Yes / No / Unsure
C) Blinding of participants, personnel and outcome
Was knowledge of the allocated interventions adequately prevented 
during the study?
3. Was the patient blinded to the intervention?
4. Was the care provider blinded to the intervention?
5. Was the outcome assessor blinded to the intervention?
Yes / No / Unsure
Yes / No / Unsure
Yes / No / Unsure
D) Incomplete outcome data
Were incomplete outcome data adequately addressed?
6. Was the drop-out rate described and acceptable?
7. Were all randomised participants analysed in the group to which 
they were allocated?
Yes / No / Unsure
Yes / No / Unsure
E) Other sources of potential bias
8. Were the groups similar at baseline regarding the most important 
prognostic indicators?
9. Were co-interventions avoided or similar?
10. Was the compliance acceptable in all groups?
11. Was the timing of the outcome assessment similar in all groups?
Yes / No / Unsure
Yes / No / Unsure
Yes / No / Unsure
Yes / No / Unsure
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Was knowledge of the allocated interventions adequately prevented during the study?
3. Was the patient blinded to the intervention?
This item should be scored “yes” if the index and control groups are indistinguishable 
for the patients or if the success of blinding was tested among the patients and it was 
successful.
4. Was the care provider blinded to the intervention?
This item should be scored “yes” if the index and control groups are indistinguishable for 
the care providers or if the success of blinding was tested among the care providers and 
it was successful.
5. Was the outcome assessor blinded to the intervention?
Adequacy of blinding should be assessed for the primary outcomes. This item should be 
scored “yes” if the success of blinding was tested among the outcome assessors and it 
was successful or:
for patient-reported outcomes in which the patient is the outcome assessor (e.g., 
pain, disability): the blinding procedure is adequate for outcome assessors if participant 
blinding is scored “yes”
for outcome criteria assessed during scheduled visit and that supposes a contact 
between participants and outcome assessors (e.g., clinical examination): the blinding 
procedure is adequate if patients are blinded, and the treatment or adverse eff ects of 
the treatment cannot be noticed during clinical examination
for outcome criteria that do not suppose a contact with participants (e.g., 
radiography, magnetic resonance imaging): the blinding procedure is adequate if the 
treatment or adverse eff ects of the treatment cannot be noticed when assessing the 
main outcome
for outcome criteria that are clinical or therapeutic events that will be determined 
by the interaction between patients and care providers (e.g., co-interventions, hospital-
ization length, treatment failure), in which the care provider is the outcome assessor: the 
blinding procedure is adequate for outcome assessors if item “E” is scored “yes”
for outcome criteria that are assessed from data of the medical forms: the blind-
ing procedure is adequate if the treatment or adverse eff ects of the treatment cannot be 
noticed on the extracted data
Were incomplete outcome data adequately addressed?
6. Was the drop-out rate described and acceptable?
The number of participants who were included in the study but did not complete the 
observation period or were not included in the analysis must be described and reasons 
given. If the percentage of withdrawals and drop-outs does not exceed 20% for during 
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follow-up and does not lead to substantial bias a ‘yes’ is scored. (N.B. these percentages 
are arbitrary, not supported by literature).
7. Were all randomised participants analysed in the group to which they were allocated?
All randomised patients are reported/analyzed in the group they were allocated to by 
randomization for the most important moments of eff ect measurement (minus missing 
values) irrespective of non-compliance and co-interventions.
Other sources of potential bias:
8. Were the groups similar at baseline regarding the most important prognostic indicators?
In order to receive a “yes”, groups have to be similar at baseline regarding demographic 
factors, severity of complaints, and value of main outcome measure(s).
9. Were co-interventions avoided or similar?
This item should be scored “yes” if there were no co-interventions or they were similar 
between the index and control groups.
10. Was the compliance acceptable in all groups?
The reviewer determines if the compliance with the interventions is acceptable, based 
on the reported intensity, duration, number and frequency of sessions for both the 
index intervention and control intervention(s). For example, physiotherapy treatment is 
usually administered over several sessions; therefore it is necessary to assess how many 
sessions each patient attended. For single-session interventions (for example: surgery), 
this item is irrelevant.
11. Was the timing of the outcome assessment similar in all groups?
Timing of outcome assessment should be identical for all intervention groups and for all 
important outcome assessments.
Note: These instructions are adapted from van Tulder 2003, Boutron et al., 2005 (CLEAR NPT) 
and the Cochrane Handbook of Systematic Reviews of Interventions.
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INTRODUCTION
Currently, three Dutch clinical guidelines are available with respect to the diagnosis and 
treatment of acute lateral ankle injuries.1-3 These guidelines roughly correspond with 
each other and recommend conventional treatment as the primary treatment modality 
of choice. Conventional treatment consists of early mobilizing, early weight bearing (as 
much as pain will allow) combined with, or without, the use of an external support (e.g. 
a tape, brace or bandage). However, additional treatment of acute injuries to the lateral 
ligament complex of the ankle remains a controversial topic. There are indications that 
balance training and coordination exercises, as part of the treatment, result in improved 
outcomes regarding symptoms of giving way, risk of re-injury, proprioceptive defi cits, 
and postural control.4-6
Despite the fact that lateral ankle injuries are among the most common injuries of the 
musculoskeletal system, little is known about the clinical course and factors predicting 
possible persistent complaints.
Therefore, the overall aim of this thesis was to assess the eff ectiveness of supervised 
exercises, in addition to usual care, in primary care patients with an acute ankle sprain, 
to gain insight into the clinical course of ankle sprains and to determine factors for non-
recovery.
In this chapter we summarize and discuss the most important fi ndings from the work in 
this thesis, consider the implications for clinical practice, and make recommendations 
for future research
CLINICAL COURSE AND PROGNOSTIC FACTORS
Ankle sprains are one of the most common injuries of the human musculoskeletal 
system and can occur under many circumstances. However, most injuries occur during 
sports, with the ankle as the most injured body site and ankle sprains as the major in-
jury.7 Despite the number of sprains sustained and the total costs incurred, ankle sprains 
are still considered as ‘innocent’ lesions from which patients can recover without serious 
consequences.8 However, our review presented in Chapter 2 revealed that after one year 
follow-up 5%-33% of the patients with an ankle sprain still experienced pain and instabil-
ity, that 34% of the patients reported at least one re-sprain, and 15%-64% of the patients 
report not to be fully recovered. In fact, after three years follow-up some patients still 
experience residual symptoms of their initial ankle sprain. In addition, the results of our 
trial, in which we evaluate the eff ectiveness of supervised exercises in addition to usual 
care, compared to usual care alone, demonstrate that after twelve months follow-up 
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about 55% of the patients still report instability, 30% endure at least one re-sprain, and 
that about 53% of the patients report not be fully recovered. This indicates that an ankle 
sprain is not ‘just a sprain’ and that a patient who sustains an ankle sprain will not neces-
sarily return to a pre-injury state of health within a short time period.
Although residual complaints appear frequently, the factors predicting these persis-
tent complaints after an ankle sprain are largely unknown. From the literature we know 
that a higher level of sports activity (training ≥3 times a week) is a prognostic factor for 
residual symptoms compared to a low level (training <3 times a week) and no sports.9 
Moreover, after treatment, highly active patients report more instability and re-injuries 
compared to patients with a low activity.10 In addition, the clinical course of recovery 
after an acute ankle sprain can be infl uenced by the type of treatment, the severity of 
the sprain, and may be complicated by sustaining a re-sprain.
To gain more insight into factors predicting residual symptoms we evaluated prog-
nostic factors for incomplete recovery, re-sprains, instability, and pain intensity (Chapter 
6). Potential prognostic factors at baseline were demographic, clinical and ankle load 
factors. The analysis showed that, at baseline, there is no strong predictor for the out-
come after one year of follow-up. However, an analysis in a subgroup comprised of non-
recovered patients at three months follow-up showed that re-sprains occurring during 
the fi rst three months after the initial sprain, and pain at rest at three months follow-up, 
were related to incomplete recovery after twelve months follow-up. A supplementary 
analysis also revealed a strong and signifi cant association between the occurrence of 
a re-sprain between three and twelve months after initial injury and patient-reported 
recovery at twelve months. These results are useful for general practitioners (GPs) and 
physical therapists, since this information can be used to adapt their rehabilitation pro-
gram where possible, and to inform patients about their prognosis regarding recovery.
Severity of injury
It is noteworthy that the severity of the initial ankle sprain, classifi ed as a mild (grade I), 
moderate (grade II) or severe (grade III) sprain, was not found to be a prognostic factor 
for residual complaints after one year follow-up. Although the available Dutch guidelines 
recommend treating severe sprains with additional treatment, the results of our review 
(Chapter 2) and our prognostic study (Chapter 6) give no indication that the severity 
of a sprain infl uences the clinical course of recovery after injury. In addition, in our trial 
(Chapter 3) we performed explorative subgroup analyses to reveal possible diff erential 
eff ects in patients classifi ed by injury grade, i.e. mild (grade I), moderate (grade II) and 
severe (grade III). Classifi cation was based on the results of a physical examination which 
determined the extent of the swelling, the formation of haematoma, localisation of pain 
on palpation, and the anterior drawer test. This analysis did not lead to any meaningful 
diff erences between treatment groups per subgroup. In line with our results are the 
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fi ndings of Nilsson who concludes that treatment, in this case cryotherapy, administra-
tion of cortisone, elastic wrapping and walking as much as pain permits, can be given 
regardless of the severity of the sprain.11 This may imply that severe injuries should not 
be treated diff erently from milder injuries.
However, we found indications that physiotherapy treatment added to usual care 
might be benefi cial to patients with severe injuries when ‘severity’ is defi ned in a diff er-
ent way. In our subgroup analysis (Chapter 4) we divided patients into two subgroups 
(mild sprain vs. severe sprain) according to the baseline ankle function score. In this 
subgroup analysis we evaluated the diff erence in the eff ect of additional physiotherapy 
treatment between patients with a mild and a severe sprain by means of a test of in-
teraction. In spite of no signifi cant diff erences in the eff ect of additional physiotherapy 
between the two subgroups (mild vs. severe), all outcomes showed more benefi cial 
eff ects for the subgroup with a severe sprain at baseline. Also, within this subgroup, less 
pain and less giving way when walking was reported by patients treated with additional 
physiotherapy. However, the fi ndings of our subgroup analyses are still explorative and 
should therefore be interpreted with caution. Although, due to multiple testing, there 
is a high risk that an eff ect occurs by chance, the results do show an overall tendency. 
In addition, the trial was powered for the main eff ect and not to identify eff ects in the 
small subgroups. Therefore, our study lacks suffi  cient power to show an interaction 
eff ect equal or less to the overall treatment eff ect, since the sample size should then 
be increased approximately fourfold.12 However, the results do raise the question as 
to whether the traditional grading method used (in which injuries are classifi ed from 
grade I to III) is suffi  ciently valid and applicable to determine the severity of a sprain, 
and whether or not we should use the ankle function score instead of the traditional 
classifi cation system.
Classifi cation of severity
In the literature many diff erent criteria are used to defi ne the severity of a lateral ankle 
sprain. For example, sprains are grade I if a partial tear of the anterior talofi bular liga-
ment or calcaneofi bular ligament is present with a negative or positive anterior drawer 
sign13, 14, or if minimal swelling, localised tenderness and minor functional defi cit is pres-
ent15; grade II if a complete tear of the talofi bular ligament with a positive anterior drawer 
sign is present13, or if a spectrum of signifi cant pain, swelling haematoma formation, 
diffi  culty or inability to weight bear and degree of functional impairment is present15, or 
there is decreased motion and some loss of function, a torn anterior talofi bular ligament 
with an intact calcaneofi bular ligament, some ligamentous instability, swelling, haemor-
rhage, and point tenderness14; and grade III if a complete tear of the anterior talofi bular 
ligament and calcaneofi bular ligament with a positive anterior drawer sign and talar tilt 
is present13, or if there is almost total loss of function, diff use swelling and haemorrhage, 
Rogier BW.indd   135 07-10-10   11:05
136 Chapter 8
extreme point tenderness, disruption of the ankle capsule, and a complete tear of the 
lateral ligament complex as evidenced by marked ligamentous instability14. Another 
problem associated with the physical examination is the large discrepancy in the in-
terobserver agreement for physical fi ndings of ankle injury patients.16 Good agreement 
was only found for judging the ability to bear weight in the emergency department, 
while the agreement of other frequently used outcomes (e.g. judgement of range of 
motion, swelling and anterior drawer sign) ranged from poor to moderate. The complex-
ity of classifying the severity of ankle sprains is also illustrated by the results of our trial 
(Chapter 3). An inconsistency was seen between the GP and the physician at the emer-
gency department concerning the classifi cation of the severity. The GP classifi ed 51% 
of the ankle sprains as a grade I sprain versus 25% by the physician at the emergency 
department. In addition, 47% and 38% of the ankle sprains were classifi ed as a grade II 
and III sprain by, respectively, the GP and the physician at the emergency department. 
A larger number of more severe sprains were seen by the GP whereas we expected that 
this would be the case at the emergency department - an situation which might be due 
to misclassifi cations.
To assess the validity of the diff erent criteria we need to compare the results of physi-
cal examination with fi ndings from more objective measurement tools, such as mag-
netic resonance imaging (MRI), arthrography, or arthroscopy. Van Dijk and colleagues 
determined the diagnostic accuracy of delayed physical examination (determination of 
swelling, haematoma, pain and anterior drawer test) four to seven days after injury to 
distinguish between a rupture and no rupture, and concluded that this methods com-
pared favourably with fi ndings at arthrography.17 In a study by Frey et al., the accuracy of 
physical examination (pain on palpation, presence of swelling, positive anterior drawer 
or talar tilt test) was determined with MRI as the reference test. In that study, 100% ac-
curacy was found if the diagnosis was a grade III injury, whereas an accuracy of 25% was 
found if the diagnosis was a grade II injury.18 Despite the variation in accuracy found, 
we know of no other studies which have compared physical examination with fi ndings 
derived from more objective measurement tools.
A relatively new tool to distinguish between mild and severe injuries is proposed in 
the clinical guideline ’Acute ankle injury’ of the Royal Dutch Society of Physiotherapists; 
i.e. the ankle function score (AFS).2 The AFS was developed by De Bie and colleagues19 
and was adapted for ankle injuries from the Lysholm score for knee injury.20 De Bie et 
al. found that, by making a distinction between mild and severe injuries, the AFS is an 
excellent instrument to predict recovery at two weeks after injury (AFS of ≥75) with a 
sensitivity and specifi city of 97% and 100%, respectively.19 In a study by Van der Wees 
et al. (in press) the AFS was further validated by examining the prognostic validity, 
construct validity and responsiveness. The prognostic validity was moderate, with a 
sensitivity of 88% and a specifi city of 57%. Mixed results were found concerning the 
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construct validity and responsiveness of the AFS. The results of our subgroup analysis 
(Chapter 4), in which we used the baseline AFS to classify patients by severity, support 
the fi ndings of the above-mentioned studies concerning the predictive value of the 
AFS; i.e. patients with severe injuries do less well on outcomes concerning pain intensity 
and instability at short-term follow-up. In addition, we investigated the value of the AFS 
to assess recovery on the short and long-term follow-up. Self-reported recovery was 
associated with the AFS at all time points, with correlations ranging from 0.48 to 0.79. 
In addition, when 10 out of 10 was used to defi ne full recovery, sensitivity ranged from 
98% to 100% and specifi city ranged from 31% to 74%. This indicates that a substantial 
number of patients with an AFS ≥75 did not report 10 out of 10 for self-reported recov-
ery. Because the outcomes of our study only partially support the recommendations in 
the clinical guideline, and the other studies present only limited evidence for the AFS as 
a diagnostic and evaluative instrument, the AFS must be used with caution.
Re-sprains
It is known that enduring a re-sprain infl uences the clinical course of recovery after an 
acute lateral ankle sprain. Re-sprains sustained during the fi rst three months after initial 
injury predict incomplete recovery at twelve months follow-up. This seems logical, but it 
remains unclear which factors actually cause a re-sprain.
In general, there is evidence that previous injury coupled with inadequate rehabili-
tation results in a higher risk for re-injury.21 Inadequate rehabilitation can occur when 
patients start to return to pre-injury activity level too early. Applied to the topic of this 
thesis, patients with a mild sprain might think that their injury is less severe and start 
their activities too soon, whereas patients with a severe sprain take their injury more 
seriously and allow more time for the rehabilitation process. Patients are reported to be 
at higher risk for a recurrent sprain in the fi rst year after their initial sprain.22, 23 Although 
this higher risk was determined in a group of athletes, it is plausible that this also applies 
to a general population consulting GPs or physical therapists.
The high risk of re-sprain might be explained by applying the dynamic model of ae-
tiology in sport injury.24 Incurring a fi rst sprain induces an alteration of intrinsic factors 
resulting in an increased predisposition to re-sprain. An ankle sprain is thought to lead to 
damage to the ligamentous, nervous and musculotendinous tissue. As a consequence, 
joint laxity, decreased ankle strength, impaired balance, impaired cutaneous sensation, 
decreased dorsifl exion and reduced joint position sense are reported after an ankle 
sprain.13, 25 To what extent these impairments contribute to a re-sprain is not known. The 
alteration of intrinsic factors makes it diffi  cult to determine which factors predict that 
a certain group of patients will endure a re-sprain. The patient is ‘changed’ after injury 
and will change again after incurring a re-sprain. It is also possible that one individual is 
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more susceptible to injury than another, and that an ankle sprain is just one of the many 
injuries that such a person will endure.
Furthermore, the problem with re-sprains is that every patient experiences a recur-
rent injury in a diff erent individualistic way. Some patients might assess a moment of 
instability as a re-sprain, whereas others report a re-sprain when this is as severe as 
their initial sprain. Most research on the subject of ankle sprains used questionnaires, 
with one simple question on a binary scale (e.g. ‘yes’ or ‘no’), to determine whether 
someone has suff ered a re-sprain. Because of that, no information on the severity and 
the consequences of the re-sprain is available. Future research on the topic of ankle 
sprains should take into consideration that a re-sprain is interpreted diff erently by each 
patient; therefore, questions should ask for details about (at least) the severity of the 
re-sprain, possible hindrance after the recurrent injury, and the circumstances in which 
the re-injury occurred.
Limitations
Athletes at both a recreational and competitive level are vulnerable for incomplete 
recovery and are at increased risk to incur a re-sprain. Ideally, in our systematic review 
(Chapter 2), we would have preferred to classify the included studies according to the 
activity level of their populations; this would have allowed us to determine and refl ect 
on the clinical course compared to other populations. Such information would be use-
ful to inform patients, set-up appropriate treatment, and provide directions for future 
research. Unfortunately, because too few studies provided information on the activity 
level of their included population, it was not possible to classify them according to activ-
ity level in a meaningful way.
In our prognostic study (Chapter 6) we aimed to fi ll the gap of uncertainty about 
prognostic factors for incomplete recovery in patients with lateral ankle sprains. To our 
knowledge, only one study has reported on prognostic factors for incomplete recovery 
and found that sports activity at a high level, compared with sports activity at a low level 
and no sports activity, is a risk factor for incomplete recovery.9 Our study was primar-
ily designed to evaluate the eff ectiveness of supervised exercises in addition to usual 
care, and not to evaluate prognostic factors. Therefore, it is possible that we included a 
somewhat biased sample of patients and that we might have missed some factors, e.g. 
activity level. Moreover, only a limited number of possible prognostic factors could be 
evaluated because of the relatively small number of patients included in the study.
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TREATMENT
In the Netherlands, two healthcare professions (i.e. GPs and physical therapists) have 
their own guidelines for the diagnosis and treatment of acute lateral ankle injuries.1,2 
These guidelines recommend conventional treatment, rather than immobilisation and 
surgery, for patients with acute lateral ankle sprains. Conventional treatment consists of 
‘rest, ice, compression and elevation’ (RICE) in the acute phase after injury, followed by 
early mobilizing and early weight bearing (as much as pain will allow), with or without 
the use of an external support (e.g. tape, brace) to the ankle.
Furthermore, there is another Dutch guideline for lateral ankle injuries which contains 
consensus recommendations established by eleven medical specialties.3 This guideline 
is currently undergoing an update, but a concept version is available. The recommenda-
tions in this concept guideline concerning the treatment of acute lateral ankle injuries 
do not diff er from the issue published in 1999, i.e. RICE in the acute phase after injury 
followed by functional treatment is still the fi rst treatment modality of choice. Here, 
functional treatment was defi ned as treatment strategies using an external support to 
the ankle such as elastic bandage/stocking, tape, lace-up ankle support or semi-rigid 
ankle support. However, which of these latter types of support is most eff ective (clini-
cally as well as regarding cost-eff ectiveness) remains unclear.26 More recent publications 
provide supplementary evidence that the use of a brace combined with, or without, 
elastic wrapping provides an earlier return to pre-injury function, a faster recovery and 
an improved ankle joint function compared to elastic wrapping or tubular compres-
sion bandage alone.14, 15, 27 Lamb and colleagues even recommend a short period of 
immobilisation in patients with severe sprains, by means of a plaster cast.27 However, 
the results of that study should be interpreted with caution, since the authors found 
no diff erences on other outcomes (such as self-perceived benefi ts), did not report the 
number of re-sprains in the diff erent intervention groups, and were unable to determine 
the compliance with wearing the external supports.28, 29 Since these latter studies have 
been recently published, the Cochrane review on the effi  cacy of functional treatment 
strategies26, which can be seen as the highest level of evidence, needs to be updated.
The use of an external support restricts the range of motion and enhances propriocep-
tion of the injured ankle30, 31, which would result in protection of the injured tissue and 
avoid stress of the scar tissue in the fi rst phase of tissue healing, i.e. the infl ammatory 
phase. This phase of tissue healing will be followed by the proliferative phase and the 
maturation phase. In these latter phases the emphasis is on alignment and strengthen-
ing of the newly-formed collagen fi bres.32 Physical therapists use this information as a 
starting point to construct their rehabilitation program for each patient with an acute 
ankle sprain.2 Nonetheless, there is no, or only limited, evidence for the eff ectiveness of 
treatment by a physical therapist.33-35 Therefore, we evaluated the short and long-term 
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eff ectiveness of conventional treatment combined with exercises supervised by a physi-
cal therapist, compared with conventional treatment alone, in primary care patients 
(Chapter 3). Conventional treatment comprised information on early ankle mobilisation, 
including advice for home exercises and early weight bearing. Supervised exercises 
consisted of an individual and progressive training program with emphasis on stability, 
walking, jumping and joint mobility. No diff erences were found between the treatment 
groups for the primary outcomes recovery and occurrence of re-sprains after three and 
twelve months follow-up. However, appreciation of the received treatment was higher 
in those who consulted the physiotherapist for additional supervised exercises than in 
those who received usual care alone. In contrast to our fi ndings, studies from Wester et 
al.36 and Holme et al.13 demonstrate benefi cial eff ects in favour of patients receiving early 
ankle mobilisation combined with supervised exercises. The diff erences in outcome 
might be due to diff erence in follow-up time, the inclusion of a specifi c patient group 
(athletes vs. general population), or to a diff erent type of intervention.
Furthermore, it is known that usual care in the Netherlands (as defi ned in our trial) dif-
fers from usual care in other countries, which is much less focused on early mobilisation. 
The contrast between treatment groups is, therefore, less extreme compared to other 
studies. This may explain why no diff erence was found between the groups, whereas 
other studies did fi nd a diff erence.
Nevertheless, our summary of the available evidence on the eff ectiveness of additional 
supervised exercises (Chapter 7), which also presents the results of our trial, shows some 
evidence that a supervised exercise program results in a better recovery, and an earlier 
return to work and sport at short-term follow-up (within two weeks of randomisation).
Treatment or prevention?
Since the incidence of recurrent ankle sprains is high, much research focuses on the 
eff ectiveness of preventive measures to prevent ankle sprain recurrences. From the 
literature there is evidence that semi-rigid orthoses or air-cast braces are eff ective in the 
prevention of ankle sprains during high-risk sporting activities.37 The guidelines of the 
diff erent healthcare professions recommend the use of tape and brace as prevention, 
because this decreases the risk of re-injury and leads to less severe sprains.1-3 Moreover, 
a recent randomised trial showed that an unsupervised home-based proprioceptive 
training is eff ective in the prevention of self-reported re-sprains by athletes.38
Braces, tape and orthoses, as well as home based proprioceptive training, are defi ned 
as secondary prevention, which means that these interventions are given when a 
patient has fi nished treatment. Because we are still searching for the most optimal treat-
ment modality, it is plausible to hypothesise that the benefi cial eff ects are not due to the 
preventive measures but to prolonged treatment of the initial sprain. This assumption 
is strengthened by the fact that, for example, unsupervised home-based propriocep-
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tive training is particularly eff ective in patients whose initial sprain was not medically 
treated.38 In our opinion, prevention of recurrent sprains must be part of the treatment 
of initial sprains, as is aiming for a return to pre-injury activity level, reducing pain and 
feelings of giving way, restoring function and, eventually, recovery.
Limitations
Our trial initially aimed at enrolling 158 patients during an inclusion period of one year. 
Due to fi nancial and time restrictions we had to fi nish the (already extended) inclusion 
period before 158 patients were included. According to Lasagna’s law it is possible that 
we overestimated the number of patients available for this study.39 Moreover, problems 
with patient recruitment might be due to the fact that we focus on incident cases (rather 
than prevalent cases) and that the GP or physician at the emergency department had 
to be alert during consultation. Both factors are associated with less successful recruit-
ment of patients.39 Despite the inclusion of ‘only’ 102 patients with an acute lateral ankle 
sprain, this is one the largest studies in its fi eld.
Furthermore, in our trial it was impossible to perform blinding on either the patient or 
the caregiver level. This may result in some bias, since awareness of the type of treatment 
received may infl uence the response of the patient to that treatment. Therefore, it is not 
surprising that 91% of the patients receiving conventional treatment combined with 
supervised exercises fully appreciate their treatment, compared to 68% of the patients 
receiving conventional treatment alone.
In addition, recovery was measured using a 0-10 visual analogue scale instead of the 
frequently used 4, 6 or 7-point Likert scales. Despite that these dichotomized scales 
make it easier to establish recovered patients we used a continuous scale, which re-
sulted in less loss of information. It is questionable whether recovery is the appropriate 
outcome to measure the eff ectiveness of treatment since, after an acute lateral ankle 
sprain, patients experience no pain or functional disability during follow-up, whereas 
they do report not to be fully recovered, or vice versa. Chapter 5 of this thesis showed 
that outcome measures that are more related to activities of daily living (ADL) seem 
to be better explanatory variables for recovery than the outcomes measured during 
activities demanding low ankle loads. Therefore, future research in patients who have 
incurred an ankle sprain should focus on these ADL outcome measures.
We did not perform a cost-eff ectiveness study of additional supervised exercises 
compared to conventional treatment alone in patients with an acute lateral ankle 
sprain, because no diff erences of treatment eff ect were found between the two groups. 
Combined with the fact that there was no diff erence with regard to absence from work 
between treatment groups at all follow-up moments, additional exercises supervised by 
a physiotherapist will obviously involve higher costs compared to conventional treat-
ment alone.
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Our review (Chapter 7) summarised the available evidence from the literature of 
additional supervised exercises and showed that the included studies were very het-
erogeneous with respect to the study populations, outcome assessment, and follow-up 
times. Further, most of the studies were assessed as having a high risk of bias. Critical 
items in the risk of bias assessment were the items on blinding, allocation concealment, 
and similarity of treatment groups at baseline. Because of these limitations it was not 
possible to draw fi rm conclusions about the effi  cacy of supervised exercises. However, 
there are indications that athletes might benefi t from additional supervised exercises. 
Unfortunately, in our trial no information was available concerning the activity level or 
participation in sports of the included patients. It would have been informative to per-
form a subgroup analysis in patients classifi ed by activity level to investigate whether 
this specifi c group indeed derives benefi t from additional supervised exercises.
IMPLICATIONS FOR DAILY PRACTICE
This thesis shows that a high percentage of patients with an acute lateral ankle sprain, 
and treated according to the GP guideline, experience residual symptoms such as pain, 
instability and re-sprains one year after their initial sprain. Even at three years after 
an initial sprain some patients have residual complaints. This information from our 
systematic review (Chapter 2) can be used by clinicians to inform patients about the 
possible clinical course after injury, but should also be incorporated in future updates 
of the currently available guidelines. Moreover, from prognostic research we know that 
sports activity at a high level (training ≥3 times a week) is a prognostic factor for residual 
symptoms compared to sports activity at a low level (training <3 times a week) and 
no sports, and that re-sprains sustained during the fi rst three months after the initial 
sprain, and pain at rest at three months follow-up, were related to incomplete recovery 
after twelve months follow-up. A GP or physical therapist should take these factors into 
account when advising a patient about treatment options and possible preventive mea-
sures. More active people can be advised to support their ankle with a semi-rigid brace 
during high-risk activities or to perform a proprioceptive training as this might prevent 
sprains, especially in patients with a previous ankle sprain.37, 38
Based on the results of our trial (Chapter 3) assessing the eff ectiveness of supervised 
exercises additional to conventional treatment, there is no clear evidence to support the 
use of this treatment modality in patients with an acute lateral ankle sprain consulting in 
primary care. On the other hand, because supervised exercises do not harm the patient 
and since there is greater appreciation among patients receiving additional supervised 
exercises compared to patients receiving conventional treatment alone, it can be 
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considered as a treatment option for the GP. However, this higher level of perceived 
appreciation may well be associated with higher costs.
IMPLICATIONS FOR FUTURE RESEARCH
Knowledge on prognostic factors for incomplete recovery after an acute lateral ankle 
sprain is very limited. Our prognostic study was a fi rst attempt to elucidate which factors 
are responsible for residual symptoms in primary care patients with an acute ankle in-
jury. However, because we used data from our randomised trial (which was not primarily 
designed to evaluate prognostic factors) we might have missed some factors.
A large cohort study with an integrated case-control study is currently in progress, 
consisting of patients with persistent complaints six to twelve months after an ankle 
sprain, to gain more insight in these residual symptoms. This may allow to identify 
patients at risk, by means of patient characteristics, medical history, or outcomes on 
clinical examination, and to assess the impact of these complaints on activities of daily 
living. Moreover, associations between ankle abnormalities and persistent complaints 
will be investigated, since diff erent studies report morphologic ligamentous abnormali-
ties, osteochondral lesions and cartilage damage in patients with residual symptoms >2 
months after incurring an ankle sprain.40-42
As already mentioned, a large variety of criteria (especially of physical examinations) 
are used to defi ne the severity of an ankle sprain. Researchers should aim to reach 
consensus about criteria used during physical examination to classify ankle sprains 
according to the level of severity. Reliability studies comparing fi ndings from physical 
examination with more objective measurement tools (such as MRI, CT, arthrography or 
arthroscopy) can be useful. In addition, it would be interesting to perform this kind of 
research using the ankle function score in comparison with fi ndings from physical ex-
amination. The ankle function score has advantages over tools like imaging, surgery or 
physical examination, with regard to feasibility and reproducibility. However, before we 
can apply it broadly to research and clinical practice there must be suffi  cient evidence for 
the diagnostic and evaluative value of this particular measurement. A large prospective 
cohort study with patients included at the moment they sustained a lateral ankle sprain 
would be valuable. It will yield information on the reliability of physical examination and 
the ankle function score, on the course of ankle sprains and prognostic factors.
In addition, Chapter 5 of this thesis showed that outcome measures that are more 
related to activities of daily living seem to be better explanatory variables for recovery 
than outcomes measured during activities demanding low ankle loads. This result might 
make them the outcome measure of choice for future research in patients who have 
incurred an ankle sprain. Therefore, researchers should also focus on reaching consen-
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sus about the choice of primary outcome measures for studies in patients who have 
sustained an acute lateral ankle sprain.
There is some evidence that conventional treatment should be accompanied by 
supervised exercises during rehabilitation after an acute ankle sprain, but no strong 
evidence was found. Also, the eff ect of additional supervised exercises in more specifi c 
patient populations (e.g. athletes and patients with severe injuries), based on the ankle 
function score, is largely unknown. For these topics we recommend high-quality ran-
domised clinical trials with suffi  cient statistical power and a follow-up longer than one 
year. Another option to provide evidence for eff ectiveness of supervised exercises in 
specifi c patient populations is a meta-analysis of subgroups of individual trials. However, 
the characteristics of these subgroups must be similar and suffi  cient trials on this topic 
must be available, which is a problem when looking at the currently available literature.
Rogier BW.indd   144 07-10-10   11:05
General discussion 145
REFERENCES
 1 Goudswaard AN, Thomas S, van den Bosch WJHM, et al. The Dutch College of General Practitioners 
(NHG) Practice Guideline ‘Ankle sprains’. http://nhg.artsennet.nl/upload/104/guidelines2/E04.htm 
2000.
 2 van der Wees PJ, Lenssen AF, Feijts YAEJ, et al. The Royal Dutch Society of Physiotherapists (KNGF) 
Practice Guideline ‘Ankle Injury’. 2006.
 3 van Dijk CN. [Consensus in diagnosing and treatment of acute ankle injuries] CBO-richtlijn voor 
diagnostiek en behandeling van het acute enkelletsel. Ned Tijdschr Geneeskd 1999; 143: 2097-101.
 4 Freeman MA, Dean MR, Hanham IW. The etiology and prevention of functional instability of the 
foot. J Bone Joint Surg Br 1965; 47(4): 678-85.
 5 McKeon PO, Hertel J. Systematic review of postural control and lateral ankle instability, part II: is 
balance training clinically eff ective? J Athl Train 2008; 43(3): 305-15.
 6 Rozzi SL, Lephart SM, Sterner R, et al. Balance training for persons with functionally unstable ankles. 
J Orthop Sports Phys Ther 1999; 29(8): 478-86.
 7 Fong DT, Hong Y, Chan LK, et al. A systematic review on ankle injury and ankle sprain in sports. 
Sports Med 2007; 37(1): 73-94.
 8 Verhagen RA, de Keizer G, van Dijk CN. Long-term follow-up of inversion trauma of the ankle. Arch 
Orthop Trauma Surg 1995; 114(2): 92-6.
 9 Linde F, Hvass I, Jurgensen U, et al. Early mobilizing treatment in lateral ankle sprains. Course and 
risk factors for chronic painful or function-limiting ankle. Scand J Rehabil Med 1986; 18(1): 17-21.
 10 Haraguchi N, Tokumo A, Okamura R, et al. Infl uence of activity level on the outcome of treatment of 
lateral ankle ligament rupture. J Orthop Sci 2009; 14(4): 391-6.
 11 Nilsson S. Sprains of the lateral ankle ligaments. J Oslo City Hospitals 1983; 33(2-3): 13-36.
 12 Brookes ST, Whitely E, Egger M, et al. Subgroup analyses in randomized trials: risks of subgroup-
specifi c analyses; power and sample size for the interaction test. J Clin Epidemiol 2004; 57(3): 229-36.
 13 Holme E, Magnusson SP, Becher K, et al. The eff ect of supervised rehabilitation on strength, postural 
sway, position sense and re-injury risk after acute ankle ligament sprain. Scand J Med Sci Sports 
1999; 9(2): 104-9.
 14 Beynnon BD, Renstrom PA, Haugh L, et al. A prospective, randomized clinical investigation of the 
treatment of fi rst-time ankle sprains. Am J Sports Med 2006; 34(9): 1401-12.
 15 Boyce SH, Quigley MA, Campbell S. Management of ankle sprains: a randomised controlled trial of 
the treatment of inversion injuries using an elastic support bandage or an Aircast ankle brace. Br J 
Sports Med 2005; 39(2): 91-6.
 16 Stiell IG, McKnight RD, Greenberg GH, et al. Interobserver agreement in the examination of acute 
ankle injury patients. Am J Emerg Med 1992; 10(1): 14-7.
 17 van Dijk CN, Lim LS, Bossuyt PM, et al. Physical examination is suffi  cient for the diagnosis of sprained 
ankles. J Bone Joint Surg Br 1996; 78(6): 958-62.
 18 Frey C, Bell J, Teresi L, et al. A comparison of MRI and clinical examination of acute lateral ankle 
sprains. Foot & ankle international/American Orthopaedic Foot and Ankle Society [and] Swiss Foot 
and Ankle Society. 1996; 17(9): 533-7.
 19 de Bie RA, de Vet HC, van den Wildenberg FA, et al. The prognosis of ankle sprains. Int J Sports Med 
1997; 18(4): 285-9.
 20 Lysholm J, Gillquist J. Evaluation of knee ligament surgery results with special emphasis on use of a 
scoring scale. Am J Sports Med 1982; 10(3): 150-4.
Rogier BW.indd   145 07-10-10   11:05
146 Chapter 8
 21 Murphy DF, Connolly DA, Beynnon BD. Risk factors for lower extremity injury: a review of the litera-
ture. Br J Sports Med 2003; 37(1): 13-29.
 22 Bahr R, Bahr IA. Incidence of acute volleyball injuries: a prospective cohort study of injury mecha-
nisms and risk factors. Scand J Med Sci Sports 1997; 7(3): 166-71.
 23 Verhagen EA, Van der Beek AJ, Bouter LM, et al. A one season prospective cohort study of volleyball 
injuries. Br J Sports Med 2004; 38(4): 477-81.
 24 Meeuwisse WH, Tyreman H, Hagel B, et al. A dynamic model of etiology in sport injury: the recursive 
nature of risk and causation. Clin J Sport Med 2007; 17(3): 215-9.
 25 Hertel J. Functional instability following lateral ankle sprain. Sports Med 2000; 29(5): 361-71.
 26 Kerkhoff s GM, Struijs PA, Marti RK, et al. Diff erent functional treatment strategies for acute lateral 
ankle ligament injuries in adults. Cochrane Database Syst Rev 2002 (3):CD002938.
 27 Lamb SE, Marsh JL, Hutton JL, et al. Mechanical supports for acute, severe ankle sprain: a pragmatic, 
multicentre, randomised controlled trial. Lancet 2009; 373(9663): 575-81.
 28 Kerkhoff s GM, van den Bekerom MP, Struijs PA, et al. 10-day below-knee cast for management of 
severe ankle sprains. Lancet 2009; 373(9675): 1601; author reply 2-3.
 29 van Rijn RM, van Middelkoop M. 10-day below-knee cast for management of severe ankle sprains. 
Lancet 2009; 373(9675): 1601; author reply 2-3.
 30 Dizon JM, Reyes JJ. A systematic review on the eff ectiveness of external ankle supports in the pre-
vention of inversion ankle sprains among elite and recreational players. J Science Med Sport 2010; 
13(3): 309-17.
 31 Hume PA, Gerrard DF. Eff ectiveness of external ankle support. Bracing and taping in rugby union. 
Sports Med 1998; 25(5): 285-312.
 32 Mattacola CG, Dwyer MK. Rehabilitation of the Ankle After Acute Sprain or Chronic Instability. J Athl 
Train 2002; 37(4): 413-29.
 33 Kerkhoff s GM, Rowe BH, Assendelft WJ, et al. Immobilisation and functional treatment for acute 
lateral ankle ligament injuries in adults. Cochrane Database Syst Rev 2002(3):CD003762. 22133195
 34 Ogilvie-Harris DJ, Gilbart M. Treatment modalities for soft tissue injuries of the ankle: a critical 
review. Clin J Sport Med 1995; 5(3): 175-86.
 35 van Os AG, Bierma-Zeinstra SM, Verhagen AP, et al. Comparison of conventional treatment and 
supervised rehabilitation for treatment of acute lateral ankle sprains: a systematic review of the 
literature. J Orthop Sports Phys Ther 2005; 35(2): 95-105.
 36 Wester JU, Jespersen SM, Nielsen KD, et al. Wobble board training after partial sprains of the lateral 
ligaments of the ankle: a prospective randomized study. J Orthop Sports Phys Ther 1996; 23(5): 332-6.
 37 Handoll HH, Rowe BH, Quinn KM, et al. Interventions for preventing ankle ligament injuries. Co-
chrane Database Syst Rev 2001(3):CD000018.
 38 Hupperets MD, Verhagen EA, van Mechelen W. Eff ect of unsupervised home based proprioceptive 
training on recurrences of ankle sprain: randomised controlled trial. BMJ 2009; 339: b2684.
 39 van der Wouden JC, Blankenstein AH, Huibers MJ, et al. Survey among 78 studies showed that 
Lasagna’s law holds in Dutch primary care research. J Clin Epidemiol 2007; 60(8): 819-24.
 40 Takao M, Innami K, Matsushita T, et al. Arthroscopic and magnetic resonance image appearance 
and reconstruction of the anterior talofi bular ligament in cases of apparent functional ankle insta-
bility. Am J Sports Med 2008; 36(8): 1542-7.
 41 Takao M, Uchio Y, Naito K, et al. Arthroscopic assessment for intra-articular disorders in residual 
ankle disability after sprain. Am J Sports Med 2005; 33(5): 686-92.
 42 Hintermann B, Boss A, Schafer D. Arthroscopic fi ndings in patients with chronic ankle instability. Am 
J Sports Med 2002; 30(3): 402-9.
Rogier BW.indd   146 07-10-10   11:05
Sum mary
Rogier BW.indd   147 07-10-10   11:05
Rogier BW.indd   148 07-10-10   11:05
149Summary
Of all injuries to the musculoskeletal system 25% are an acute lateral ankle sprain, 
making it one of the most common musculoskeletal injuries. However, the treatment of 
ankle sprains in primary care remains a controversial topic.
The overall aim of this thesis was to assess the eff ectiveness of supervised exercises in 
primary care patients with an acute ankle sprain, to gain insight into the clinical course 
of ankle sprains, and to determine factors for non-recovery.
In order to evaluate the eff ectiveness of therapeutic interventions and to guide 
management decisions it is important to have clear insight into the course of recovery 
after an acute lateral ankle injury, and to evaluate potential factors for non-recovery and 
re-sprains.
In Chapter 2 we performed a systematic review of the literature regarding the clinical 
course of conventionally treated acute lateral ankle sprains in adults and its prognostic 
factors for incomplete recovery. A total of 31 studies were included, of which 24 studies 
were of high quality. The studies show that within the fi rst two weeks there is a rapid 
decrease in reports of pain. About 5% to 33% of patients still experience pain after one 
year, and 15% to 64% of patients report not to be fully recovered within a period of 
three years. The risk of re-sprains ranged from 3% to 34% of the patients in a period 
ranging from two weeks to 96 months post-injury. Instability ranged from 0% to 33% 
in the high-quality studies and from 7% to 53% in the low-quality studies. One study 
described prognostic factors and indicated that training more than three times a week 
is a prognostic factor for residual symptoms.
Chapter 3 describes the results of the randomised controlled trial (RCT) that we 
performed to evaluate the short and long-term eff ectiveness of additional supervised 
exercises compared to conventional treatment alone, in patients with an acute ankle 
sprain. A total of 102 patients with acute lateral ankle sprain, consulting a general prac-
titioner or the hospital emergency department, were enrolled and randomised to 
either conventional treatment combined with supervised exercises or to conventional 
treatment alone. Primary outcomes were recovery and the occurrence of a re-sprain. 
Measurements were carried out at intake, four weeks, eight weeks, three months, and 
at one year post-injury. There were no signifi cant diff erences between both treatment 
groups concerning recovery and occurrence of re-sprains after three months and at one 
year follow-up. The conclusion of this study was that conventional treatment combined 
with supervised exercises, compared to conventional treatment alone, during the fi rst 
year after an acute lateral ankle sprain does not lead to diff erences in the occurrence of 
re-sprains or in recovery.
The objective of Chapter 4 was to investigate whether the baseline Ankle Function 
Score (AFS) could be used to predict recovery in patients with an acute lateral ankle 
sprain, if there was a diff erence in treatment eff ect of added supervised exercise in pa-
tients classifi ed by the baseline AFS, and if there was evidence for an association between 
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self-reported recovery and a follow-up AFS of less than 75. This study was conducted 
with the data obtained from our RCT (as described in chapter 3). The outcome measures 
were the AFS (consisting of fi ve categories in which points are summed to a maximum 
overall score of 100), as well as recovery, pain and giving way (measured using a 0-10 
visual analogue scale), and the incidence of re-sprain. Measurements were carried out at 
baseline, and at four and eight weeks, and three and twelve months after injury. Patients 
were divided into subgroups according to the baseline AFS; severe sprain (AFS ≤40) 
versus mild sprain (AFS>40). At four weeks follow-up, patients with a mild injury had 
signifi cantly less pain during walking and reported less feeling of giving way compared 
to patients with severe injuries. There was no diff erence in eff ect of added supervised 
exercises in those with a severe injury compared with a mild injury at eight weeks or 
one year. However, there was a benefi cial eff ect of supervised exercises in patients with 
severe injuries according to pain and feeling of giving way when walking, compared to 
patients who received conventional treatment alone. Correlations between subjective 
recovery and the AFS at follow-up ranged from 0.48 to 0.79.
Longitudinal research in musculoskeletal disorders often makes use of a single ques-
tion to measure recovery; however, a large variation in reported recovery exists. Patients 
with an acute ankle sprain who experience no pain or functional disability, often report 
not to be recovered, or vice versa. In Chapter 5 we used the data of the RCT to fi nd 
explanatory variables for recovery by analyzing to which extent diff erent outcomes 
(e.g. pain intensity) were associated with recovery, and how baseline scores of diff erent 
variables infl uence this association in adult patients with an acute lateral ankle sprain. 
Mean diff erences were calculated between baseline and follow-up scores. Associations 
were calculated using linear mixed models, and the infl uence of baseline scores on these 
associations was determined using linear regression with interaction. Associations were 
found between recovery and the mean diff erences of pain during running on a fl at and 
on a rough surface (at four and eight weeks, three months), and the mean diff erence of 
instability during walking on a rough surface (at eight weeks, three months). In conclu-
sion, this study was the fi rst attempt to fi nd explanatory variables for recovery in adults 
with ankle sprain. Pain intensity and instability measured during high ankle load activi-
ties makes it easier to measure and to generalise recovery in this population, and should 
be the primary outcome measures of interest. This study also indicates the urgent need 
to reach consensus about the primary outcome measures used for research in patients 
with an ankle sprain.
The aim of Chapter 6 was to evaluate prognostic factors for incomplete recovery, 
instability, pain intensity and re-sprains during one year follow-up in patients who 
consulted primary care for an acute ankle sprain. Since no diff erences were found be-
tween treatment groups in our RCT, for the purpose of this study we analysed the data 
as a cohort study. Possible prognostic factors assessed at baseline and at three months 
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follow-up were demographic factors, clinical factors, ankle load factors and factors from 
the physical examination at three months follow-up. The main outcome measures were 
self-reported recovery, re-sprains, instability and pain intensity at one year follow-up. No 
baseline factors related to incomplete recovery at one year follow-up were found. Fur-
thermore, no prognostic factors from the physical examination for the non-recovered 
patients at three months follow-up could be identifi ed. However, re-sprains and self-
reported pain at rest at three months follow-up were related to incomplete recovery 
at one year, for the non-recovered patients at three months follow-up. Thus, a physical 
examination at three months follow-up for the non-recovered patients seems to have no 
additional value for predicting outcome at one year follow-up. However, self-reported 
pain at rest and re-sprains during three months follow-up seem to have a prognostic 
value for recovery at one year follow-up.
Chapter 7 presents the results of a systematic review which summarises the avail-
able evidence for the eff ectiveness of additional supervised exercises compared to 
conventional treatment alone in patients with an acute lateral ankle sprain. The eleven 
included studies show limited to moderate evidence for eff ectiveness in favour of ad-
ditional supervised exercises compared to conventional treatment alone, according to 
the outcome measures recovery and return to sport at short-term follow-up (within two 
weeks of randomisation). No strong evidence for eff ectiveness was found for any of the 
outcome measures. In a more specifi c sub-population, limited to moderate evidence 
for eff ectiveness was found. However, it is emphasised that only eleven studies were 
examined, most of which were assessed as having a high risk of bias and most of which 
were lacking statistical power. Therefore, we recommend conducting high-quality RCTs 
on the eff ectiveness of supervised treatment particularly in specifi c populations, such as 
athletes and patients with severe injuries.
Chapter 8 summarizes and refl ects on the main fi ndings emerging from this thesis. 
Results, limitations and implications for clinical practice are discussed and recommen-
dations for future research are made.
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Vijfentwintig procent van alle letsels aan het bewegingsapparaat is een enkelverstuiking. 
Dit maakt het één van de meest voorkomende blessures aan het bewegingsapparaat. 
Echter, de behandeling van enkelverstuikingen in de eerstelijns gezondheidszorg is nog 
steeds onderwerp van controverse. Het doel van dit proefschrift is om de eff ectiviteit van 
oefentherapie onder begeleiding van een fysiotherapeut te onderzoeken bij patiënten 
met een enkelverstuiking, om inzicht in het klinisch beloop van enkelverstuikingen te 
verkrijgen, en factoren te bepalen voor onvolledig herstel.
Voor het opstellen van behandelplannen en het meten van de eff ectiviteit van thera-
peutische interventies bij enkelverstuikingen is het van belang om inzicht te hebben in 
het klinisch beloop van dit letsel en om potentiële factoren voor onvolledig herstel en 
recidief te evalueren. In hoofdstuk 2 is een systematische review van de literatuur uitge-
voerd waarin het klinisch beloop van conventioneel behandelde enkelverstuikingen bij 
volwassenen en eventuele prognostische factoren voor onvolledig herstel besproken 
worden. In totaal werden 31 studies geïncludeerd, waarvan 24 studies van hoge kwali-
teit waren. In de eerste twee weken is een snelle afname te zien van het percentage pa-
tiënten dat pijn rapporteert. Verder zien we dat 5% tot 33% van de patiënten nog steeds 
pijn ervaart na één jaar, en dat 15% tot 64% van de patiënten rapporteert niet volledig 
hersteld te zijn in een periode van drie jaar. Het risico op een recidief varieert van 3% 
tot 34% van de patiënten in een periode variërend van twee weken tot 96 maanden na 
de eerste enkelverstuiking. Instabiliteit varieert van 0% tot 33% in de studies van hoge 
kwaliteit en van 7% tot 53% in de studies van lage kwaliteit. Slechts één studie beschrijft 
prognostische factoren; trainen meer dan drie keer per week is een voorspellende factor 
voor residuale symptomen.
Hoofdstuk 3 beschrijft de resultaten van de gerandomiseerde gecontroleerde 
trial waarin de korte- en langetermijneff ecten van de standaardbehandeling van een 
acuut laterale enkelverstuiking bij volwassen patiënten vergeleken wordt met de 
standaardbehandeling gecombineerd met oefentherapie onder begeleiding van een 
fysiotherapeut. In totaal werden 102 patiënten met een acuut laterale enkelverstuiking, 
welke de huisarts of de spoedeisende hulp consulteerde, geïncludeerd en gerandomi-
seerd naar ofwel de groep met standaardbehandeling ofwel naar de groep die naast 
de standaardbehandeling oefentherapie onder begeleiding van een fysiotherapeut 
kreeg. Primaire uitkomstmaten waren herstel en het oplopen van een recidief. Metingen 
werden uitgevoerd op baseline, vier weken, acht weken, drie maanden, en één jaar na 
het letsel. Er werden geen signifi cante verschillen tussen beide behandelgroepen met 
betrekking tot herstel en het oplopen van een recidief na drie maanden en één jaar 
follow-up gevonden. Daarom kan geconcludeerd worden dat tijdens het eerste jaar na 
een enkelverstuiking een standaardbehandeling gecombineerd met oefentherapie on-
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der toezicht van een fysiotherapeut, vergeleken met alleen de standaardbehandeling, 
niet tot verschillen leidt in herstel en het oplopen van een recidief.
Het doel van Hoofdstuk 4 was om te onderzoeken of 1) de baseline ‘Ankle Function 
Score’ (AFS) gebruikt kon worden om het herstel van patiënten met een acuut laterale 
enkelverstuiking te voorspellen; 2) of er tussen patiënten, ingedeeld op basis van de 
baseline AFS, een verschil in behandeleff ect was van oefentherapie onder begeleiding, 
en 3) of er bewijs was voor een associatie tussen zelfgerapporteerd herstel en een 
follow-up AFS van >75. Deze studie werd uitgevoerd met de gegevens verkregen uit de 
RCT zoals beschreven in hoofdstuk drie. Uitkomstmaten waren de AFS, welke bestaat uit 
vijf categorieën waarbinnen punten gescoord worden waarna ze kunnen worden op-
geteld tot een maximale totale score van 100; herstel, pijn en instabiliteit, alle gemeten 
met behulp van een 0-10 visuele analoge schaal (VAS); en de incidentie van recidieven. 
Metingen werden verricht op baseline, vier en acht weken, drie en twaalf maanden na 
het oplopen van een enkelverstuiking. Patiënten werden onderverdeeld in subgroepen 
op basis van de baseline AFS; ernstige verstuiking (AFS ≤ 40) versus lichte verstuiking 
(AFS> 40).
Na vier weken follow-up hadden patiënten met een lichte verstuiking signifi cant 
minder pijn tijdens het lopen en rapporteerde ze minder instabiliteit in vergelijking 
met patiënten met een ernstige verstuiking. Er was geen verschil in eff ect wat betreft 
additionele oefentherapie onder begeleiding van een fysiotherapeut tussen patiënten 
met een ernstige verstuiking en patiënten met een lichte verstuiking na acht weken 
en twaalf maanden follow-up. Echter, bij patiënten met een ernstige enkelverstuiking 
was een gunstig eff ect te zien van additionele oefentherapie onder begeleiding van een 
fysiotherapeut wat betreft pijn intensiteit en instabiliteit tijdens het lopen. Correlaties 
tussen zelfgerapporteerd herstel en de AFS bij follow-up varieerde van 0,48 tot 0,79.
Longitudinaal onderzoek naar aandoeningen van het bewegingsapparaat maakt vaak 
gebruik van een enkele vraag voor het meten van herstel. Er bestaat echter een grote 
variatie in gerapporteerd herstel.
Patiënten met een acuut laterale enkelverstuiking ervaren bijvoorbeeld geen pijn of 
een functiebeperking terwijl ze niet rapporteren hersteld te zijn, of vice versa.
In Hoofdstuk 5 gebruiken we de gegevens van onze RCT om verklarende variabelen 
te vinden voor herstel door te analyseren in welke mate de verschillende uitkomsten 
(bijv. pijn intensiteit) waren geassocieerd met herstel, en hoe baselinescores van de 
verschillende variabelen invloed hadden op deze associatie bij patiënten na een acuut 
laterale enkelverstuiking. De gemiddelde verschilscores werden berekend tussen base-
line en follow-up. Associaties werden berekend met behulp van lineair mixed models, en 
de invloed van baselinescores op deze associaties werd bepaald met behulp van lineaire 
regressie met interactie.
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Associaties werden gevonden tussen herstel en de gemiddelde verschilscore van pijn 
tijdens het hardlopen op een vlakke en oneff en ondergrond (op vier en acht weken, drie 
maanden), en de gemiddelde verschilscore van instabiliteit tijdens het lopen op een 
oneff en ondergrond (op acht weken, drie maanden).
Deze eerste aanzet tot het vinden van verklarende variabelen voor herstel bij volwas-
senen na een enkelverstuiking leidt er toe dat pijn intensiteit en instabiliteit gemeten 
tijdens de meer belastende activiteiten het makkelijker maken om herstel te meten en 
te generaliseren naar patiënten met een enkelverstuiking. Daaraanvolgend dienen deze 
uitkomstmaten in het vervolg als de primaire uitkomstmaten te worden beschouwd. 
Verder toont deze studie aan dat er enorme behoefte is aan consensus over de primaire 
uitkomstmaten voor onderzoek bij patiënten met enkel verstuikingen.
Het doel van Hoofdstuk 6 was het evalueren van prognostische factoren voor onvolle-
dig herstel, instabiliteit, pijn intensiteit en recidieven na één jaar follow-up bij patiënten 
met een acuut laterale enkelverstuiking welke de eerstelijns gezondheidszorg consul-
teerde. Aangezien er geen verschillen werden gevonden tussen de behandelgroepen 
in de RCT konden de gegevens, voor het doel van deze studie, geanalyseerd worden 
als een cohort studie. Mogelijke prognostische factoren vastgesteld op baseline en na 
drie maanden follow-up waren: demografi sche factoren, klinische factoren, enkel belas-
tende factoren en factoren uit het lichamelijk onderzoek na drie maanden follow-up. De 
belangrijkste uitkomstmaten waren herstel, recidieven, instabiliteit en pijn intensiteit na 
twaalf maanden follow-up.
Er werden geen baseline factoren gevonden welke gerelateerd waren aan onvolledig 
herstel na twaalf maanden follow-up. Bovendien, prognostische factoren uit het licha-
melijk onderzoek voor de niet-herstelde patiënten na drie maanden follow-up konden 
niet geïdentifi ceerd worden. Echter, recidieven opgelopen in de eerste drie maanden 
na de eerste verstuiking en pijn in rust na drie maanden follow-up waren gerelateerd 
aan onvolledig herstel na twaalf maanden voor de niet-herstelde patiënten na drie 
maanden follow-up.
We kunnen concluderen dat een lichamelijk onderzoek na drie maanden follow-up 
voor de niet-herstelde patiënten geen extra waarde lijkt te hebben voor het voorspellen 
van de uitkomst na twaalf maanden follow-up. Echter, pijn in rust en recidieven gedu-
rende de eerste drie maanden van de follow-up lijken wel een prognostische waarde te 
hebben voor herstel na twaalf maanden follow-up.
Hoofdstuk 7 beschrijft de resultaten van een systematische review van de literatuur 
naar de eff ectiviteit van additionele oefentherapie onder begeleiding, in vergelijking 
met de standaard behandeling, bij patiënten met een acute laterale enkelverstuiking uit 
de eerstelijnszorg.
De elf geïncludeerde studies leverde beperkt tot matig bewijs op dat additionele 
oefentherapie onder begeleiding eff ectief is in vergelijking met alleen de standaard 
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behandeling betreff ende de uitkomstmaten herstel en terugkeer naar sport op de korte 
termijn (binnen twee weken na randomisatie). Voor geen van de uitkomstmaten werd 
sterk bewijs gevonden dat additionele oefentherapie onder begeleiding eff ectief was. In 
een meer specifi eke populatie werd beperkt tot matig bewijs gevonden voor de eff ecti-
viteit van oefentherapie onder begeleiding. Niettemin werden er in deze review slechts 
enkele studies geïncludeerd, waren de meeste studies van lage kwaliteit en waren in 
de meeste studies kleine patiënten aantallen geïncludeerd. Daarom wordt aangeraden 
om een hoogwaardige RCT uit te voeren naar de eff ectiviteit van oefentherapie onder 
begeleiding welke dan specifi ek gericht is op een populatie bestaande uit sporters of 
patiënten met een ernstige enkelverstuiking.
Hoofdstuk 8 geeft een samenvatting van en refl ecteert op de belangrijkste bevindin-
gen van dit proefschrift. Tekortkomingen van de studies, implicaties voor de praktijk en 
aanbevelingen voor toekomstig onderzoek worden besproken.
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Met het schrijven van dit dankwoord ben ik aangekomen bij het hoofdstuk van mijn 
proefschrift dat waarschijnlijk het meest gelezen zal worden. In eerste instantie was ik 
niet van plan om mijn proefschrift af te ronden met een dankwoord en dacht ik dat een 
simpele ‘Klaar is kees, en bedankt allemaal!’ wel zou volstaan. Maar ook ik ben gezwicht! 
Vooral doordat ik hiermee een aantal mensen tekort zou doen. Daarbij word je op één 
of andere manier toch wat sentimenteel bij het afronden van je proefschrift (ja, ik ook!) 
Dus daar gaan we:
Allereerst natuurlijk Sita. Jouw enthousiasme, humor en optimisme heeft er toe bij 
gedragen dat ik altijd met veel plezier aan mijn proefschrift heb gewerkt. Als ik weer 
eens ‘vast’ zat, had je in je overvolle agenda altijd wel weer ergens tijd om me een zetje 
in de goede richting te geven. Ik heb bewondering voor je gedrevenheid en creativiteit, 
en vindt het dan ook terecht dat je onlangs tot hoogleraar bent benoemd. Professor 
Artrose bedankt!
Beste Bart, bedankt voor je positieve bijdrage aan mijn proefschrift. Mijn artikelen wer-
den door jou, naast het nodige kritische commentaar, altijd van een positieve opmer-
king voorzien. Een reden om altijd weer hard aan de slag te gaan! Daarnaast zorg je met 
je humor en relativeringsvermogen altijd voor een prettige werksfeer! Één puntje van 
kritiek…werken in Rotterdam en fan zijn van een voetbalclub uit 020 kan echt niet !
Marienke, wat fi jn om jou als collega te hebben! Bedankt voor al je ‘tips & trics’ wat 
betreft mijn promotie, maar ook voor je geduld met het aanhoren van mijn geleuter 
over voetbal, muziek, vakanties, familie, etc… Hopelijk kunnen we nog een tijdje door 
leuteren!!
Mijn overige eerste (oud)kamergenoten Tineke, Pim, Gijs, Marijke, Jasper, Marjolein, 
Yvonne, Pepijn, Miriam, Boris en Esther bedankt voor jullie gezelligheid, interesse, 
(lunch)discussies en collegialiteit!
Ook m’n (oud)collega’s van de tweede en derde kamer op de Westzeedijk en natuurlijk 
‘die van de overkant’, bedankt dat jullie deze afdeling zo’n gezellige plek maken om te 
werken.
Tenslotte nog een paar persoonlijke opmerkingen voordat ik afsluit met de bekende 
laatste smeuïge zinnen die gericht zijn aan ‘thuis’.
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Lieve pap en mam, bedankt dat jullie mij altijd alle kansen hebben geboden en dat ik 
nog steeds voor alles bij jullie kan aankloppen.
Fons, Marije, Puck en Teun, bedankt voor alle gezelligheid tijdens weekendjes weg, 
avondjes kaas-fonduen + klaverjassen, kinderfeestjes, en MTB-tochtjes. Mede door jullie 
heb ik de afgelopen jaren stressloos aan mijn proefschrift kunnen werken!
Arnold & Hilde, Trudie & Nico, Annelies & Paul en Peter & Vanja, bedankt voor jullie inte-
resse in mijn werk en natuurlijk voor de gezelligheid als we met z’n allen bij elkaar zijn. 
Ik bof maar met zo’n schoonfamilie!
Als laatste mijn thuis….Marleen en Fenne, weet dat de laatste de eerste zullen zijn! Wat 
hebben we het toch fi jn met z’n drietjes! Marleen, mijn lief en beste maatje, elke dag 
prijs ik mezelf weer gelukkig dat ik naast jou wakker mag worden!
Lieve, lieve kleine Fenne, jou verschijning maakt alle ‘belangrijke’ dingen in het leven 
ineens iets minder belangrijk. Wat ben je toch een mooi meisje!
 Rogier
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studeerde hij af en startte in datzelfde jaar met de studie Gezondheidswetenschappen 
aan de universiteit van Maastricht. Tijdens zijn afstuderen deed hij onderzoek naar 
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2009, NIHES ‘Prognostic research’ 1.4 ECTS
2009, Basiscursus Regelgeving en Organisatie van
Klinisch onderzoek (BROK) 42 hours
2007, NIHES ‘Introduction to Clinical Research’ 0.9 ECTS
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